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per gallon 
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on leading 
vinyls 
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Announcing... 


A True 
High Build 
Vinyl Coating 


Amercoat 33HB now gives you 
even more “mils per gallon’’ 
—and at the lowest cost of 
any leading vinyl! 


At last, the two major limitations o/ 
vinyl protective coatings -—critica! 
adhesion and low film thickness — have 
been largely overcome. Amercoat 86 
Primer stopped adhesion troubles, 
eliminated underfilm corrosion and 
undercutting, and simplified surface 
preparation. Now Amercoat 33HB Top- 
coat builds thick films in fewer coats at 
surprising savings. 

Amercoat 33HB is a “high-build” ver- 
sion of Amercoat 33, the standard of 
the protective coatings industry for 
over ten years. 33HB gives you the 
same high resistance to corrosive chemi- 
cals, severe weathering and abrasion, 
plus 33% greater thickness per coat! 


The solids content of 33HB tops all 
other non-mastic vinyl coatings, yet 
workable viscosity is retained. It applies 
smoothly and easily by hot or cold 
spray. No need to stock two types of 
materials. 


New Lower Cost 

In evaluating any coating, always look 
at the cost per square foot, and the num- 
ber of coats required to build proper 
film thickness. 33HB is nearly 24% 
cheaper per mil square foot than tra- 
ditionally low cost 33...and compared 
to other leading vinyls, (see chart) 
savings are even greater. For example, 
although the gallon price of Coating 
“C” is 46% lower than 33HB, because 
of its low solids content the actual 
material cost for 5 mils thickness is 
almost 30% higher than 33HB, and the 
applied cost, (labor and material) is 
almost 90% higher. 

For the full story, send coupon for data 
on 33HB and detailed cost comparison 
of the four coatings on the chart. 
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4809 Firestone Blvd. » South Gate, Calif. 
SSSCRSESSSSESSASS SEESSAESSASESASEAEAAeeaessasssssee 
= AMERCOAT Corp. Dept. GD 
= 4809 Firestone Blvd. 


® South Gate, Calif. 
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other Wrought Iron case against corrosion | 


Longitudinal photomicrograph S-64-2(100x) gy é 
shows a typical area—parallel to rolling—of 
the microstructure observed in the subject 


5-inch wrought iron pipe. 


YEARS OF SERVICE 


Metallurgical Report 6628—Underground Oil Line’ 


This report deals with the metallurgical examina- 
tion of a length of 5-inch wrought iron pipe, submit- 
ted to our laboratory for investigation and comment. 
The sample submitted has been in service 58 
years, yet found to be in excellent condition. Note 
that the scale is tightly adherent to the surface of 
the pipe. 
ROCKWELL HARDNESS 
A cross-sectional ring was prepared for hardness 
determination. Hardness values taken around the 
cross-sectional ring indicated a B66 hardness typical 
for wrought iron pipe and showed that the strength 
and ductility were likewise normal. 


CHEMICAL ANALYSIS 
Carbon—.018%; Manganese 

.236%; Sulphur—.019%; Silicon 
Silicate —3.54%. 


.040%; Phosphorus 
.186%; Iron 


SUMMARY 

Results of the laboratory examination serve as posi- 
tive identification of the subject sample as wrought 
iron. The excellent state of preservation of this 
sample after more than a half-century of service is 
indicative of wrought iron’s longevity in corrosive 
service. A. M. Byers Company, Clark Building, 
Pittsburgh 22, Pennsylvania. 


*Name of actual installation given on request. 


Write for free cloth-bound book, Wrought Iron: 
Its Manufacture, Characteristics and Applications. 
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“Those Galvomag anodes give us the added punch we need 
for our high-resistivity soil” 


If you've got an underground corrosion problem, Galvomag® 
magnesium anodes are almost always the best solution. 


Galvomag, the Dow high-potential anode that delivers 
25% more current than conventional anodes, gives con- 
tinuous protection to underground equipment—and it’s easy 
on your maintenance budget. These more powerful anodes 
also provide extra punch and throwing power in high- 


resistivity soils. In normal soils they insure against corrosion 
with fewer anode units. Either Way, you save on your 
original investment for cathodic protection. 


Contact one of the Dow magnesium anode distributors listed 
below for detailed information and technical assistance, or 
write directly to us. THE DOW CHEMICAL COMPANY, Midland, 
Michigan, Department MA-1428GG-1 


Yall the distributor nearest you: Cathodic Protection Service, Houston, Texas © Corrosion Services, Inc., Tulsa, Oklahoma ¢ Electro 
Rust-Proofing Corp. (Service Division), Belleville, N.J. ¢ Ets-Hokin & Galvan, San Francisco, Calif. « The Harco Corp., Cleveland, 
Ohio ¢ Royston Laboratories, Inc., Blawnox, Penna. « Stuart Steel Protection Corp., Plainfield, N. J. © The Vanode Co., Pasadena, Calif. 


YOU CAN DEPEND ON 
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Calgon and 
acid pH 
6.8 to 7.2 


return 









No treatment 


pH 8.0 to 8.5 return 


Cooling tower 


Cooling tower 


Calgon’ treatment 
reduces corrosion rate by 94% 
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CORROSION RATE 
Mg/Dm?/Day 


... system cleaned 


The chart shows the effect of Calgon treatment in this 
20,000 gallon per minute recirculating cooling system. 
The corrosion rate as indicated by steel test strips was 
reduced from 66.3 Mg/Dm?/day to 3.9 Mg/Dm?2/day. 
This reduction of 94% was obtained despite the fact 
that the test unit consisted of coupled steel and copper 
plates, creating a galvanic cell which would normally 
increase the corrosion rate severely. The copper strips 
showed no corrosion. 

The low pH-Calgon treatment did more than achieve 
an. extremely low corrosion rate. It also removed old 
corrosion products from the system, stepping up system 
efficiency, and making the treatment itself more effective. 

These results definitely indicate that for the less 


*Calgon is registered trademark. 





complicated corrosion problems no supplemental in- 
hibitor of any kind is required in conjunction with the 
use of Calgon brand sodium hexametaphosphate. How- 
ever, the Calgon Company has developed specific an- 
swers to water damage problems of all kinds. If necessary, 
iron and steel surfaces can be given fast and more com- 
plete protection with Calgon composition TG, remark- 
able for its accelerated film forming ability. Copper or 
copper alloy corrosion can be prevented with Coraid, 
which is effective at both high and low pH values. 
Protection is provided for the entire system, from 
cooling towers on through. 

Write or phone for information on how Calgon Engi- 
neering Service can help you. 


\ COMPANY 


A DIVISION OF HAGAN CHEMICALS & CONTROLS, INC. 
HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 
DIVISIONS: CALGON COMPANY, HALL LABORATORIES 
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compare inhibitors— 
and you'll choose 


Cronox 
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" 


How long has it been since you gave your refinery 
corrosion protection program a thorough evaluation? 
Unless you’re using the latest in inhibitors, you may be 
missing the chance to get the big savings that modern 
protection can give you. 


Compare CRronox inhibitors for effectiveness. You'll 
find that they produce a film which controls pitting, 
fouling and blistering. 


Compare them for economy. Injection rates of 6 to 9 
ppm give lasting protection in most applications. 


Call Aquaness today, for a consultation on your 
specific corrosion problems, and for a recommendation of 
the most effective Aquaness inhibitor from our 

versatile line. 


Agquazmess 
“(eoailmenT 

ATLAS POWDER COMPANY 
2005 Quitman Street, Houston 26, Texas 


Chemicals for Refining, Gasoline Plants and Oil Transportation 





Directory of NACE Regional and Sectional Officers 


@ Lehigh Valley Section 


John P. G. Beiswanger, Chair- 
man; General Aniline & Film 
Corp., 720 Coleman St., Eas- 
ton, Pa, 

Edmund A. Anderson, Vice- 
Chairman; New Jersey Zinc 
Co., Research Department, 
Palmerton, Pa. 

Austin K. Long, Secretary- 
Treasurer; The Glidden Com- 
pany, Third & Bern Streets, 
Reading, Pennsylvania 


@ Metropolitan New 
York Section 

Ss. W. Shepard, Chairman; 
Chemical Construction Corp., 
525 West 43rd Street, New 
York 36, N. Y. 

N. N. Ehinger, Vice Chairman; 
Aluminum Company of 
America, 230 Park Ave., New 
York 17, N. Y. 

\. F. Minor, Secretary-Treas- 
urer; American Telephone & 
Telegraph Co., 195 Broad- 
way, New York 7, N. Y. 


® Niagara Frontier Section 

E. H. Caldwell, Chairman; 
Oldbury Electrochemical Co., 
5001 Buffalo Avenue, Niagara 
Falis, N. Y. 

W. A. Szymanski, Vice Chair- 
man; Hooker Electrochemi- 
cal Co, 2. &. 30x 344, 
Niagara Falls, N. Y. 

A Anderson, Secretary- 
Treasurer; Carborundum 
Metals Co., Inc., P. O. Box 
32, Akron, N. Y. 


Philadelphia Section 


EF. Spencer, Chairman; Key- 
stone Shipping Company, 
1000 Walnut Street, Phila- 
delphia 7, Pa. 

Walter W, Burton, Vice-Chair- 
man; General Chemical Di- 
vision, Allied Chemical & 
Dye Corp., Camden 3, New 
Jersey 

Robert S. Mercer, Secretary- 
Treasurer; Pennsalt Chemi- 
cals, P. O. Box 4388, Chest- 
nut Hill P. O., Philadelphia, 
re. 


® Pittsburgh Section 


L. G. Royston, Chairman; 
Royston Laboratories, P. O. 
Box 11312, Pittsburgh 38, 
Pa. 

A. B. McKee, Vice-Chairman; 
Aluminum Research Labora- 
tories, Freeport Road, New 
Kensington, Pa. 

H. Kalin, Secretary; U. S. 
Steel Research Laboratories, 
Monroeville, Pa. 

R. W. Maier, Treasurer; Gulf 
Oil Corporation, 4 floor, Gulf 
Building, Pittsburgh 19, Pa. 


® Schenectady-Albany-Troy 

Section 
F. Klim, Chairman; New 
York Telephone Company, 
158 State Street, Albany, 
New York 

T. Foley, Vice-Chairman; 
General Electric Company, 
General Engineering Labora- 
tory, Room 260, Bldg. 
Schenectady, New York. 

A. Cataldi, Secretary- 
Treasurer; General Electric 
Company, Building 7, One 
River Road, Schenectady, 
New York 


® Southern New England 
Section 


D. H. Thompson, Chairman; 
American grass Company, 
Corrosion Research Labora 
tories, Waterbury 20, Conn 

bk A Tice, Vice-Chairman; 
The International Nickel 
Company, Inec., 75 Pearl St. 
Hartford, Conn. 

Archer B. Hamilton, Secretary 
Treasurer; The Hartford Gas 
Company, 233 Pearl, Hart- 
ford 4, Conn 


SOUTHEAST REGION 


John B. West, Director; Alu- 
minum Company of Amer- 
ica, 1800 Rhodes-Haverty 
Building, Atlanta, Georgia 

Arthur B. Smith, Chairman; 
Amercoat Corporation, P. O. 
Box 2977, Jacksonville 3, 
Florida 

Joseph Frink, Vice Chairman; 
Florida Power and Light Co., 
P. O. Box 3100, Miami, 
Florida 

G. M. Jeffares, Secretary- 
Treasurer; Plantation Pipe 
Line Co., FP. OG; Box. 1743, 
Atlanta 1, Georgia 


® Atlanta Section 
Christopher Georges, Chair- 
man; Pipe Line _ Service 
Corp., 1734 Candler Bldg., 
Atlanta, Ga. 
Joseph A. Lehmann, Vice- 
Chairman; Electro’ Rust 
Proofing Corp., 3 Rhodes 
Center, N. W., Atlanta, Ga. 
Jay Steele, Secretary- 
Treasurer; Anti-Corrosion 
Mfg. Company, Inc., 1008 
Crescent Avenue, N. E., At- 
lanta 9, Ga, 


( 


® Birmingham Section 


H. W. Ross, Chairman, Ross- 
Henderson Company, 2116 
Rockland Drive, Birming- 
ham 9, Alabama 
. A. Gibson, Vice-Chairman, 
T. C. & I. Div., U. S. Steel 
Corp., Elec. Lab., Sheet Mill, 
Fairfield, Alabama 
R. Hart, Jr., Secretary- 
Treasurer, Alabama Power 
Company, Engineering Dept., 
Birmingham 2, Alabama 


® Carolinas Section 


J. H,. Paylor, Chairman; Pied- 
mont Natural Gas Company, 
523 S. Tryon Street, Char- 
lotte, North Carolina 
. Y¥. Robinson, Vice-Chair- 
man; Industrial Piping Sup- 
ply Company, P.. O. Box 
10218, Charlotte, N. C, 
ah Livingstone, Secretary- 
Treasurer; Livingstone Coat- 
ing Corporation, P. O. Box 
8282, Charlotte, N. C. 


@ East Tennessee Section 


James L. English, Chairman; 
223 Virginia Ave., Oak Ridge, 
Tennessee, 

Solon Walker, Vice-Chairman; 
East Tennessee Natural Gas 
Co., P. O. Box 831, Knox- 
ville, Tenn. 

Francois Kertesz, Secretary- 
Treasurer; Oak Ridge Na- 
tional Laboratory, P. O. Box 
P, Oak Ridge, Tennessee. 


@ Jacksonville (Fla.) 
Section 


Arthur B. Smith, Chairman; 
Amercoat Corporation, P. O. 
Box 2977, Jacksonville, Fla. 

Charles Carlisle, Vice Chair- 
man; Industrial Marine Serv- 
ice Co., Inc., P. O. Box 3641, 
Station F, Jacksonville, Fla. 

John Hancock, Secretary- 
Treasurer; Electric & Water 
Utilities, City of Jackson- 
ville, Utilities Bldg., 34 S. 
Laura Street, Jacksonville, 
Fla. 


@ Miami Section 


J. B. Prime, Jr., Chairman; 


Florida Power & Light Co., 
30x 3100, Miami 39, Florida 
H. L. Truchelut, Vice Chair 
man; Southern Bell Tele- 
phone & Telegraph Co., 36 
N. E. Second St., Miami, 
Florida 
H. B. Sasman, Secretary-Treas- 
urer; Sasman_ Engineering 
Co., P. O. Box 452, Miami, 
Florida 
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® Ohio Valley Section 


R. S. Dalrymple, Chairman; 
Engineering Services Dept., 
Reynolds Metals Co., P. O. 
Box 1800, Louisville, Ky. 


H. J. Smith, Vice-Chairman; 
Metallurgy & Ceramics Lab- 
oratory, Appliance Park, 
Room 249E, Bldg. 5, General 
Electric Company, Louisville, 
Ky, 


J. Cc. Klein, Secretary-Treas- 
urer; Texas Gas Transmis- 
sion Corporation, P. O. Box 
677, 423 W. Third 8st, 
Owensboro, Ky. 


®@ Tidewater Section 


Richard W. Hamel, Jr., Chair- 
man; Commonwealth Nat- 
ural Gas Corp., Box 2350, 
Richmond, Virginia 


George R. Lufsey, Vice-Chair- 
man; Virginia Electric & 
Power Co., Box 1194, Rich- 
mond, Virginia 


Murray S. Spicer, Secretary- 
Treasurer; The Chesapeake 
& Potomac Telephone Com- 
pany of Virginia, 703 East 
Grace Street, Richmond, 
Virginia 


SOUTH CENTRAL REGION 


H. E. Waldrip, Director; Gulf 
Oil Corporation, 5311 Kirby 
Drive, Houston, Texas, 


Jack P. Barrett, Chairman; 
Pan American Petroleum 
Corporation, P. O. Box 591, 
Tulsa, Oklahoma 


. C, Spalding. Jr., Vice Chair- 
man; Sun Oil Company, Box 
2880, Dallas, Texas 


A. Caldwell, Secretary- 
Treasurer; Humble Oil & 
Refining Co., Box 2180, 
Houston, Texas 


F. Levert, Asst. Secretary- 
Treasurer; United Gas Pipe- 
line, P. O. Box 1407, Shreve- 
port, Louisiana 


John Edward Loeffler, Trustee- 
at-Large; Thornhill Craver 
Company. P. O. Box 1184, 
Houston 1, Texas 


®@ Alamo Section 


J. W. Gibson, Chairman: D. W. 
Haering & Co., P. O. Box 
6037, Harlandale Station, 
San Antonio, Texas 


Zane Morgan, Vice-Chairman; 
Texas Acidizers, P. O. Box 
47, Seguin, Texas 


Ransom L. Ashley, Secretary- 
Treasurer, United Gas Pipe 
Line Company, P. O. Box 
421, San Antonio, Texas. 


Carl M. Thorn, Trustee; South- 
Western Bell Telephone 
Company, P. O. Box 2540, 
San Antonio, Texas. 


@ Central Oklahoma Section 


E. G. Stevens, Chairman; 
Dowell, Inc., P. O, Box 209, 
Norman, Oklahoma 


R. V. James, Vice-Chairman; 
University of Oklahoma, 
Norman, Oklahoma 


M. F. Hill, Jr., Secretary- 
Treasurer; Greene Bros, Inc., 
3020 N. W. 47th Street, 
Oklahoma City, Okla, 


Dan H. Carpenter, Trustee; 
Aquaness Dept., Atlas Powder 
Company, P. O. Box &521, 
Oklahoma City 14, Okla. 
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® Corpus Christi Section 


Hugh Wilbanks, Chairman; 
Cathodic Protection Service, 
1522 S. Staples St., Corpus 
Christi, Texas 

Kenneth Ray Sims, Vice- 
Chairman; Department of 
Public Utilities, City Gas 
Department, P. O. Box 111, 
Corpus Christi, Texas 

William Taylor, Secretary- 
Treasurer; City of Corpus 
Christi Gas Department, P. 
O. Box 1622, Corpus Christi, 
Texas 

Fred W. Hodson _ Trustee; 
Johns-Manville Sales Corp., 
401 N. Toucahua Street, Cor- 
pus Christi, Texas. 


@ East Texas Section 


P. E. Happel, Chairman; Sun 
Oil Company, P. O. Box 472, 
Kilgore, Texas 

Gene E. Smith, Vice-Chair- 
man; Lone Star Steel Com- 
pany, Lone Star, Texas 

E. L. Chapin, Secretary; Pan 
American Petroleum Corpo- 
ration, Box 2069, Longview, 
Texas 
H. Graves, Treasurer; Tidal 
Pipe Line Company, P. O. 
Box 777, Joinerville, Texas 
c. Orchard, Trustee; Cardi- 
nal Chemical Company, P. 
O. Box 54, Longview, Texas 


®@ Houston Section 


Charles L. Woody, Chairman; 
United Gas Corporation, P. 
O. Box 2628, Houston 2, 
Texas 

J. T. Payton, Vice-Chairman; 
The Texas Company, P. O. 
Box 2332, Houston, Texas 

W. A. Wood, Jr., Secretary- 
Treasurer; 8827 Chatsworth 
St., Houston 24, Texas 

Alvan E. Richey, Trustee; Ca- 
thodic Protection Service, P. 
O. Box 6387, Houston, Texas 


@® New Orleans-Baton 
Rouge Section 


Oo. L. Grosz, Chairman; The 
California Company, P. O. 
Box 128, Harvey, La. 

I. A. MacDougall, Vice Chair- 
man; Shell Oil Company, P. 
O. Box 193, New Orleans, 
La. 

William L. Vorhies, Secretary- 
Treasurer; Freeport Sulphur 
Company, Port Sulphur, La. 

Lee N. Spinks, Trustee; Ca- 
thodic Protection Service, 
1634 Robert Street, New Or- 
leans 15, La. 


® North Texas Section 


Howard Greenwell, Chairman; 
Production Profits, Inc., 8912 
Sovereign, Dallas, Texas 

Glyn Beesley, Vice-Chairman; 
Dallas Power & Light Co., 
1506 Commerce St., Dallas, 
Texas 

talph Petty, Sec.-Treas.; Sin- 
clair Pipe Line Company, 
901 Fair Bldg., Fort Worth, 
Texas 

Paul Fleming, Trustee; Gulf 
Oil Company, P. O. Drawer 
1290, Fort Worth, Texas 


@® Permian Basin Section 


H. W. Gray, Chairman; Sivalls 
Tanks Inc., P. O. Box 1152, 
Odessa, Texas 

Jack Collins, First Vice-Chair- 
man; Continental Oil Co., 
P. O. Box 431, Midland, 
Texas 

Roscoe Jarmon, Second Vice- 
Chairman; Cardinal Chemi- 
cal Company, P. O. Box 
2049, Odessa, Texas 

Marion Ziober, Secretary- 
Treasurer; Atlantic Refining 
Co., P. O. Box 871, Midland, 
Texas 

John C. Watts, Trustee, In- 
ternal Pipeline Maintenance, 
P, O. Box 186, Odessa, Texas 


(Continued on Page 10) 
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Sherosope-T , 


ee 500, ls 


molecular weight 


sodium petroleum sulfonate 


Fully Refined Maximum Rust Prevention 


High Activity Unlterg, Quality 


Now available in greater volume 
to compounders of rust preventives... 


Tank Cars or Drums 


in carload and less than carload quantities 


Bulk deliveries from Gretna, La., and Trainer, Pa. Drum stocks 
available in principal areas. Write for technical information and 
samples to address below. 


A greatly augmented source of sodium, 


calcium, barium, and ammonium sulfonates 


Immediate benefit to you of Bryton’s enlarged capacity is the in- 
creased availability of Sherosope-T. In addition to Sherosope-T, 
Bryton can promptly supply you with oil-soluble sulfonates for 
many other industrial uses. These are prepared as sodium, cal- 
cium, barium, and ammonium salts. Sodium sulfonates are offered 
to you in a wide range of molecular weights. Consequently, you 
are permitted much greater latitude in selection and utilization. 

Whatever your particular requirements in sulfonates, it always 
pays to take it up with the Bryton representative. 


BRYTON CHEMICAL DIVISION trot accrue: Now York 20, N.Y. 


*Trademark © 1957, Continental Oil Company 









If your maintenance 








problem is here 


1/ moisture 
VV cnemicars 


V MILDEW 































Look for the answer in 


TROPICAL 
RUBBER-BASE PAINTS 









Tropical Heavy-Duty Rubber-Base 
Paints are specially processed to re- 
sist corrosive attack from moisture, 
acids, alkalies, fumes, mold and 
mildew. In thousands of industrial 
applications, these tough rubber 
coatings have provided long-lasting 
protection for ceilings, walls, floors, 
masonry and machinery—and have 
reduced maintenance costs. 

Simple and easy to apply, Tropical 
rubber paints seal out moisture on 
exterior and interior concrete, ce- 
ment block, stucco, brick, plaster 
or metal surfaces. Quick-curing. 
Prime, seal and finish paint the same 
day. A wide selection of colors and 
finishes available. 


A Heavy-Duty Coating 

For Every Application 
Also investigate our oleoresinous 
phenolics, Tropoxy enamels and 
high-heat (up to 1000°) aluminum 
coatings. Let the Tropical man help 
you solve your tough maintenance 
jobs. Call him today! 



























FREE—complete information on our spe- 
cialized industrial coatings sent on request. 
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(Continued from Page 8) 


® Rocky Mountain Section 


Henry K. Becker, Chairman; 
Wyco Pipe Line Company, 
Box 2388, Denver, Colorado. 

John R. Hopkins, Vice-Chair- 
man; Protecto Wrap Com- 
pany, 2255 South Delaware 
Street, Denver, Colorado. 

Paul W. Lewis, Secretary- 
Treasurer; 1966 South 
Newton St., Denver, Colorado. 


Karl S. Hagius, Trustee; Colo- 
rado Interstate Gas Com- 
pany, P. Oo. Bex test, 
Colorado Springs, Colorado. 


@ Sabine-Neches Section 


Jesse J. Baker, Chairman; 
Magnolia Petroleum Com- 
pany, P. O. Box 3311, Beau- 
mont, Texas 


A. V. Wafer, Vice-Chairman; 

Ohmstede Machine Works, 

O. Box 1288, Beaumont, 
Texas 


Paul McKim, Secretary-Treas- 
urer; Socony-Paint Products 
Company, P. O. Box 2848, 
Beaumont, Texas 


E. N. Coulter, Trustee; Cities 
Service Refining Corp., Basic 
Refinery Laboratory, Lake 
Charles, La. 


® Shreveport Section 


E. H. Sullivan, Chairman; 
United Gas Pipeline Co., 2302 
Thornhill, Shreveport 62, La. 


L. B. Morrow, Vice-Chairman; 
Interstate Oil Pipeline Com- 
pany, P. O. Box 1107, Shreve- 
port, La, 


L. B. Irish, Secretary; Irish 
Engineering Service, 760 
Dodd St., Shreveport, La. 

J. D. Stone, Treasurer; Sunray 
Mid-Continent Oil Company, 
P. O. Box 188, Benton, La. 

W. F. Levert, Trustee, United 
Gas Pipeline, P. O. Box 1407, 
Shreveport, La. 


® Teche Section 


oO. L. Bassham, Chairman; 
Tretolite Company, 107 Sou- 
venir Gate, Lafayette, La. 


J. F. Shofner, Vice-Chairman; 
Aquaness Corp., 101 Berkely 
Street, Lafayette, La. 

Frank L. Rhoades, Jr., Secre- 
tary-Treasurer; Otis Pressure 
Control, Inc., P. O. Box 242, 
New Iberia, La. 

George M. Harper, Trustee; 
Union Oil Company of Cali- 
fornia, Box 421, Abbeville, 
La. 








TROPICAL PAINT CO. 
1142-1274 W. 70th., Cleveland 2, Ohio 


Heavy-Duty Maintenance 
Paints Since 1883 





































SUBSIDIARY OF 
PARKER RUST 
PROOF COMPANY 


Corrcsion by Low-Pressure Geothermal 
Steam by T. Marshall and A. J. Hugill. 


Probems of Corrosion in Large Steam Gen- 
erating Stations by T. J. Finnegan. 


Testing Methods and Corrosion Control 
Measures for Buried Telephone Cables 


by Daniel R. Werner. 


Prevention of Corrosion in Naval Aircraft 
by S. L. Chisholm and N. N. Rudd. 


Some Aspects of the Corrosion Processes of 


PAPERS SCHEDULED 


® Tulsa Section 


Frederick A. Prange, Chair- 
man; Phillips Petroleum 
Company, Bartlesville, Okla. 


O. W. Everett, Vice-Chairman; 
Oklahoma Natural Gas Com- 
pany, Box 871, Tulsa, Okla, 


Parke D. Muir, Secretary; 
Dowell, Inc., Box 536, Tulsa, 
Okla. 


Roger J. Norris, Treasurer; 
Koppers Company, Inc., 310 
Thompson Building, 20 E. 
Fifth Street, Tulsa, Okla. 


© West Kansas Section 


Thomas A, Allan, Chairman; 
Cooperative Refinery Ass’n., 
P. O. Box 765, Great Bend, 
Kans. 


D. L. Peterson, Vice-Chairman; 
Cities Service Oil Company, 
P. O. Box 751, Great Bend, 
Kans, 


J. P. Berry, Secretary-Treas- 
urer; National Aluminate 
Corp., Box 1202, Hutchinson, 
Kans. 





WESTERN REGION 





Robert H. Kerr, Director: 
Southern California Gas Com- 
pany, P. «). Box 3249 Ter- 
minal Annex, Los Angeles 
54, California. 


L. E. Magoffin, Chairman; 
California Water & Tele- 
phone Company, 2116 Hunt- 
ington Dr. San Marino, Cal. 


E. H,. Tandy, Vice Chairman; 
Standard Oil Company of 
California, P. O. Box 97, El 
Segundo, Cal. 


D. P. Armbruster, Secretary- 
Treasurer; San Diego Gas & 
Electric Company, P. O. Box 
1831, San Diego 12, Cal. 


® Central Arizona Section 


David F. Moser, Chairman; El 
Paso Natural Gas Company, 
P. O. Box 1630, Phoenix, 
Arizona. 


Russell Jackson, Vice-Chair- 
man, Rust-Proofing, Inc., P. 
O. Box 1671, Phoenix, Ariz. 


Roy P. Osborn. Secretary- 
Treasurer; Mountain State 
Tel. & Tel. Company, Box 
2320, Phoenix, Arizona. 


Estey. 
Corrosion by 


FOR PUBLICATION 


Iron, Copper and Aluminium in Ethylene 
Glycol Cooling Fluids by P. F. Thompson 
and K. F. Lorking. 

Control of Corrosion With Zinc Coatings 
by J. L. Kimberley. 

Properties and Performance of Reinforced 
Polyester Plastics in the Chemical In- 
dustry by R. E. Gackenbach and D. G. 


Passivity of Zinc by G. Bianchi. 


®@ Los Angeles Section 


John R. Brown, Chairman; 
3525 West 74th Place, Ingle- 
wood, Cal 


Dave J. Uolyer, Jr., Vice- 
Chairman; The Duriro, 
Company, Inc., 6903 Riti 
Avenue, Huntington Par!) 
Cal. 

Don Miller, Secretary-Trea:- 
urer; Sovthern Californi, 
Gas Company, Box 324: 
Terminal Annex, Los An 
geles, Cal. 


® Portland Section 


Norman H. Burnett, Chairman 
230 South 198th St., Seattk 
88, Washington. 


R. S. Baynham, Vice-Chair 
man; 10495 S.W. 71st Avenue 
Portland 19, Oregon, 


William R. Barber, Jr., Secre- 
tary-Treasurer; Electric Stee) 
Foundry, 2141 N.W. 265th 
Ave., Portland, Oregon. 


@ Salt Lake Section 


John P. Reeves, Chairman; 
Reeves & Company, 334 West 
17th South, Salt Lake City, 
Utah, 

L. G. Haskell, Vice Chairman; 
Salt Lake Pipeline Co., b 
O. Box 117, Salt Lake City, 
Utah. 

Frank L. Pehrson, Secretary- 
Treasurer; Kennecott Copper 
Corp., P. O. Box 1650, Salt 
Lake City, Utah. 


® San Diego Section 


Dan Nordstrom, Chairman; 
The Gates Rubber Company, 
3616 Arizona Street, San 
Diego 4, Cal. 

L. L. Flor, Vice-Chairman; 
1036 Leslie Road, El Cajon, 
Cal. 

Kenneth R. Christy, Secretary- 
Treasurer; Federal Housing 
Administration, 601 “A” 
Street, Room 201, San Diego 
1, Cal. 


® San Francisco Bay Area 
Section 


James K. Ballou, Chairman; 
Standard Oil Company of 
California, 225 Bush St., San 
Francisco, Cal. 


J. B. Dotson, Vice Chairman; 
Rockwell Mfg. Co., Nord- 
strom Valve Div., 2431 Pe- 
ralta St., Oakland 7, Cal. 

B. A. Kroumiller, Secretary- 
Treasurer; The Flox Co., 
Inc., 1516 Oak Street, Ala- 
meda, Cal. 
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Paint protection against rapid 


corrosion inside your pipelines! 


In-—place coating with Humble’s epoxy internal pipe coatings 
gives you proven protection against rapid corrosion in sour crude oil, salt 
water and natural gas lines. These durable coatings can be applied in a 
single application to pipelines in the ground. In addition to giving lasting 
resistance to sour crudes and brine, Humble epoxy internal pipe coatings 
give a smooth, glossy finish that cuts down paraffin deposition. 

Humble internal pipe coatings are also available in vinyl and 
phenolic formulations. 

For more information on Humble’s complete line of protective 
coatings, see your nearest Humble wholesale plant in Texas and New 


Mexico, or write or phone: 


HUMBLE OIL & REFINING COMPANY 


ENGINEERS 


Technical Service 

Sales Department 

Humble Oil & Refining Company 
P. 0. Box 2180 

Houston 1, Texas 
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Its Dow for quality 


This was a packaged instal- 
lation — designed, installed, 
checked out — by CPS. The 
installation required 10,000 an- 
odes for this city gas distribu- 
tion system. The choice was 
Dow GALVOMAG GALVO-PAK 
and CPS. 


The economical, efficient way to provide the 
necessary protective current for your underground 
piping system is to select from CPS the proper Dow 
anode to use — preferably Galvomag. Experience 
has shown that approximately 25% additional output 
is obtained from Galvomag over alloyed anodes. This 
means that 4 Galvomag anodes can do the work of 
5 alloy anodes. This is usually without shortened 


ASSOCIATION OF CORROSION ENGINEERS 





life since the average anode is installed in soils where 
there is no longer a straight line relationship between 
current output and calculated projected life. Stocked 
in a full range of sizes at CPS warehouses, along with 
other first line cathodic protection material, Dow 
anodes can be supplied as an individual purchase for 
installation either by your own personnel or by an 
experienced CPS crew. 


To solve your corrosion problems quickly and efficiently, 
telephone or write the CPS office nearest you. 


Everything in the cathodic protec- 
tion field . . . from an insulating 
washer to a_ turnkey contract 
installation. 


service 


P. O. Box 6387 


CORPUS CHRISTI 
1522 South Staples 
TUlip 3-7264 
TULSA 
4142 S. Peoria 
Riverside 2-7393 


DENVER 
(Golden) P. O. Box 291 
CRestview 9-2215 


NEW ORLEANS 
1627 Felicity 
CAnal 7316 


Houston 6, Texas JAckson 2-5171 
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Designed for 
easy, high-speed 
wrapping on oil 
and gas 

pipelines... 

















ed 
Johns-Manville TRANSHIELD’ eae FELT 
oy goes on fast, restricts soil stress, cuts maintenance 


On job after job, pipe line men have found that weight permits the use of 800-ft. rolls which in- 
Transhield Asbestos Pipe Line Felt meets the need _— creases application speeds since fewer stops for 
for an economical asbestos shield that is effective roll changes are required. 

in average soil conditions. 


So 


Transhield provides a continuous membrane 
© Contractors like Transhield because its special between the pipe line enamel and the soil. It works 
reinforcement makes it ideal for easy, high-speed __ effectively in preserving a continuous protective 
s : application by modern machine methods. Con- film of enamel on the pipe. During construction, it 
sisting of a lightweight coal-tar-saturated asbestos guards the enamel. After installation, it reduces the 
i felt, it is reinforced with continuous glass yarns cold flow of the enamel, and acts as a surface bar- 
parallel-spaced on 4,” centers. Transhield’s light _ rier to restrict soil stress. 


See it SL ERE aly Le 8 a AAI Nand eat aA Wall aa CRE a 


oo 


291 For further information write to Johns-Manville, Box 14, New York 16, N. Y.; 
5 i in Canada, 565 Lakeshore Road East, Port Credit, Ontario. 









JOHNS -MANVILLE 





PRODUCTS FOR 


Johns-Manville PIPE LINE PROTECTION 





PRODUCTS 


14 CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS Vol. 13 


HOW TO DOUBLE REFINERY RUNNING-TIME 
BY KEEPING CORROSION DOWN 


After eight months’ operation, with KONTOL on the job, 


an eastern refinery reported the following: corrosion in the 


overhead condenser was not even measurable .. . 
there was a 334% increase in the heat 
transfer coefficient . . . tower tray corrosion 
was completely eliminated. And because of 
KONTOL’s detergent action, running time 
in this typical depropanizer 


application was doubled. 


adi . TRETOLITE COMPANY 
Similar benefits are available to your refinery Fe ; ro = ah 
operation. Let your Kontol Service Engineer: KON (0) 
(The Man in the Red Car) show you how. a 

7 SAILK LOS ANGE 


WRITE FOR FREE KONTOL BULLETIN SELES 


A DIVISION OF PETROLITE CORPORATION 
2 369 Marshall Avenue, St. Louis 19, Missouri 
— 5515 Telegraph Road, Los Angeles 22, California 
- KONTOL CORROSION PREVENTIVES ARE EFEECTIVE IN 


» Crude Stills « Depropanizers *« Debutanizers « Depentanizers « Absorbers 
Stabilizers + Platformers « Reformers » Vacuum Towers « Alkylation Plants 
Coking Systems « Dewaxing Systems « Gas Recovery Systems » Cat 
Cracker Fractionators « Alkanolamine Sweeteners *« Desulfurization Systems 
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Using wmpressed current anodes ? 


ATIONAL 


TRADE-MARK 


GRAPHITE ANODES ARE BEST! 


Consumption of “National’’ NA Graph- 
ite Anodes used for cathodic protection of 
an active sea-going tug was less than 14,” 
in five years at a current density of 15 
amperes per square foot — or approxi- 
mately 0.02 lbs./amp. year! Reported con- 


A test of relative current output in 
salt water was made using a NA Graphite 
Anode and a high silicon iron anode of 
identical dimensions connected in parallel 
and operated at a current density in the 
range of two to four amperes per square 
foot. Once readings had stabilized, the 
NA graphite anode carried 4.2 amperes, 
the high silicon iron anode only 2.0 am- 
peres, with the same voltage applied to 
each. Interchanging the position of the 
test anodes had no affect on the readings. 
For a complete installation operated 
under these conditions, this indicates a 
power cost for graphite anodes of less 
than 14 that for high silicon iron anodes. 
This is over and above the savings ob- 
tained through the longer life and lower 
first cost of “National” NA Graphite. 


sumption at only one-half this current 
density of another recommended material 
for marine service is 1.3 lbs./amp. year — 
or 65 times that of NA Graphite. 


The terms “National” and ‘Union Carbide” are registered trade-marks hited 


of Union Carbide and Carbon Corporation 


CARBIDE 


NATIONAL CARBON COMPANY . A Division of Union Carbide and Carbon Corporation + 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco * IN CANADA: Union Carbide Canada Limited, Toronto 
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is a non-profit, scientific and research association of individuals 
and companies concerned with corrosion or interested in it, whose 


objects are: 


(a) To promote the prevention of corrosion, thereby curtailing economic 
waste and conserving natural resources, 

(a) To provide forums and media through which experiences with corro- 

sion and its prevention may be reported, discussed and published for 


the common good. 


(c) To encourage special study and research to determine the fundamental 
causes of corrosion, and to develop new or improved techniques for its 
prevention. 

(d) To correlate study and research on corrosion problems among technical 
associations to reduce duplication and increase efficiency. 

(e) To promote standardization of terminology, techniques, equipment and 
design in corrosion control. 

(f) To contribute to industrial and public safety by promoting the preven- 

tion of corrosion as a cause of accidents. 

To foster cooperation between individual operators of metallic plant 
and structures in the joint solution of common corrosion problems. 

(h) To invite a wide diversity of memberships, thereby insuring reciprocal 
benefits between industries and governmental groups as well as between 


individuals and corporations, 




























It is an incorporated association without capital stock, chartered under 
the laws of Texas. Its affairs are governed by a Board of Directors, elected 
by the general membership. Officers and elected directors are nominated by 
a nominating committee in accordance with the articles of organization. 
Election is by the membership. 

Inquiries regarding membership, and all general correspondence should 
be directed to the Executive Secretary at the administrative headquarters of 
the National Association of Corrosion Engineers at 1061 M & M Building, 
No. 1 Main Street, Houston 2, Texas. 
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Topic of the Month 


Automotive Industries Back 
Corrosion Test Program with Field Surveys 


By LEONARD C. ROWE* 


TINHE MOST unique corrosion test area known to 

man is that found on the surface of the earth. Cor- 
rosive conditions vary from one location to another 
ind from day to day in the same location with an 
assist by man-produced contaminants. 

These conditions offer a challenge to automotive 
personnel in their attempt to prevent exterior metal 
corrosion on the automobile. It is expected that the 
average automobile will be exposed to variable hot 
to cold temperatures, wet to dry air, water to snow, 
dust to gravel, acid to basic materials, and ultravio- 
let to infrared light. With the addition of a few metal 
ions and some salt the setting is obtained for cor- 
rosive conditions which must be contained. 

It would be extremely difficult to simulate all 
these conditions in any one Jaboratory test or to find 
them at one field site. Nevertheless, certain testing 
procedures had to be adopted to assist in quality 
control and research on protective coatings, electro- 
plated coatings, metal composition, and in many 
other areas. For this reason the automotive industry 
has taken active participation in sponsoring and us- 
ing accelerated tests. 

The salt spray and humidity cabinet tests have 
heen used extensively for many years to gain com- 
parative information on protective coatings. This 
tvpe of test serves only as the initial step in the 
overall test procedure. Along with other laboratory 
tests, these tests tend to separate the poor materials 
from the good. Through the years a background of 
information has been accumulated which has_ been 
helpful in making further progress. 


Accelerated Test 
The need for a more accelerated test for produc- 
tion control has encouraged the automotive industry 
and other groups to participate in initiating changes 
in the present tests. One such test is the acetic acid 
modification of the salt spray. Consideration is be- 
ing given to obtaining greater acceleration by the 


Research Staff, General Motors Corp., Detroit, Michigan 


addition of certain metal ions to the base solution. 
Another approach has been made by cooperative 
work with the American Electroplaters Society 
which studied the ‘Corrodkote’ test for plated parts. 
The validity of these types of tests may be in ques- 
tion until the outcome is verified by service exper- 
ience. It may be said, however, that these tests tend 
to spark further development work and enforce more 
careful surveillance in the application of protective 
coatings by techniques which are known to be good. 

The automotive industry does not rely alone on 
the static type tests. In addition they have explored 
the alternate exposure type. The cyclic humidity 
type test has been of measureable assistance in the 
study of body steel corrosion. Other tests have been 
developed for evaluating painted panels by simulat- 
ing alternate exposure to dew and sunlight. The re- 
sults of these tests have been compared with those 
found at field test sites which are located in various 
parts of the country. Field test sites may be consid- 
ered as laboratory tests which take advantage of 
nature’s variable conditions in one area. Many of 
the results obtained at these sites have verified first 
thinking which had been based on laboratory tests. 


Use of IBM Cards 

It has been recognized for some time that to de- 
termine the full effect of field conditions, observa- 
tions must be made directly on the automobile in 
service use. Teams of observers, composed of repre- 
sentatives from various phases of activity, make 
yearly surveys of several thousands of automobiles 
in different areas of the country. The extent and de- 
gree of inspection is clearly shown by the IBM cards 
in Figure 1. One card represents the inspection of 
plated parts in which the parts are rated numerically 
as to degree of failure. The other card represents the 
inspection of painted parts in which the type and 
IBM cards 


has assisted materially in obtaining rapid informa- 


location of failure is noted. The use of 


tion from a vast amount of data. The results indicate 
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Figure 1—IBM cards used for field survey of plated and painted automotive parts. 


strong or weak points in a particular protective sys- 
tem. Of equal importance is the fact that they tend 
to confirm or deny information which has been ob- 
tained from accelerated and field site tests. 

This progression in test procedures has lead to 
better corrosion resistance for present day automo- 
biles. It has lead to a decline in the penetrating type 
of corrosion failure which formerly was evident in 
fender welts, rocker panels, gravel deflectors, and 
other areas. In comparing the improvements in cor- 
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rosion resistance for the modern automobile from an 
appearance viewpoint, one must be concerned with 
the change in corrosive conditions brought about by 
air pollutants, driver habits, traffic conditions, and 
other factors. A more recent example where the field 
survey will play an important part is in the present 
increased use of light metals. A basic acceptance has 
been obtained through preliminary testing, but final 
acceptance can only be based upon performance in 
service as indicated by survey. 
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Corrosion Mechanisms in the Plain Can* 


By E. L. KOEHLER and C. M. CANONICO 


Introduction 
"FNHERE ARE a great number of food products 
packed in cans, and each appears to be somewhat 
if a separate and distinct entity from a corrosion 

tandpoint. Moreover the corrosive nature of even a 
-ingle specific product is subject to wide variation, be- 
ng a function of the region and the season in which it 
s grown, The corrosion resistance of tin plate is not 

property which can be characterized by any one 
ingle index. Instead it is dependent upon the inter- 
elationship of the characteristics of the can and the 
rroduct packed therein. 

The present work concerns itself only with the 
orrosion resistance of plain (not inside enamelled) 
ans packed with food products in which tin sacrifi- 
‘ally protects steel. More specifically, it deals with 
corrosion by prune juice and peaches. The type of 
orrosion failure commonly encountered with such 
ood products is known as “hydrogen swell.” As a 
result of the corrosion processes occurring within 
the can, hydrogen gas is evolved. This gas accumu- 
lates, builds up a pressure, and ultimately causes 
the ends of the can to bulge out. Such a can is un- 
saleable because bulged ends also may be an indica- 
tion of food spoilage. 

The pack test is the principal tool which the can 
industry has used in the development of today’s con- 
tainers. It involves packing the cans with the product 
in question and storing until failure occurs. This is 
« performance test and is-never likely to be dis- 
placed, It has, however, certain shortcomings. For 
example, it is difficult to use the pack test in obtain- 
ing fundamental information. Of greater practical 
importance is the fact that considerable testing time 
is required which means that the test cannot be 
used to indicate in advance how satisfactory a par- 
ticular lot of tin plate may be. Empirical, short-time 
tests have been proposed from time to time to meet 
this deficiency. In general, there is no fundamental 
basis for tests of this type because test conditions 
are far removed from conditions existing in a can. 
They can be of value only when they have been 
demonstrated to give results which correlate with 
pack tests. 

Current thinking recognizes corrosion resistance 
to be the end result of a complexity of factors rather 
than a single factor in itself. The currently used 
rate-of-pickling test and iron solution test were pro- 
posed to evaluate such individual specific factors 
which contribute to can corrosion.’** Another empi- 
rical test recently proposed has not yet been con- 
firmed by pack data.* Other short time tests have 
by this time been abandoned or supplanted. 

In most food products, tin is anodic to steel and 
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Abstract 

A study was made of the various factors involved in 
the corrosion of plain tin cans containing fruit prod- 
ucts. Results of tests conducted to determine the 
corrosive effects of prune juice and peaches on tin and 
steel are reported. Data include such items as amount 
of hydrogen evolved, amounts of tin and steel dis- 
solved, potential relationships, protective currents and 
polarization characteristics of coupled tin and steel 
elements. 

The shelf life of a plain tin can containing a fruit 
product such as prune juice is visualized as being 
made up of three distinct parts. In the first period 
the steel base is virtually completely covered with 
tin and the corrosion process occurring is solution 
of tin concurrently with reduction of depolarizers 
in the food product on the tin surface. In the second 
period, a significant amount of steel base is exposed 
and the corrosion processes are those of the tin- 
steel couple. It is significant that in this period not 
only is the steel base protected by the tin, but the 
rate of hydrogen evolution per unit area of steel 
base exposed is markedly reduced by the tin coating. 
This is not due to the inhibiting effect of dissolved 
tin but to another mechanism. In the third period, 
the can is completely: detinned and attack is on the 
steel base alone. The life of the can is largely de- 
termined before this period. Tae 


sacrificially protects it. This has been attributed to 
the tendency for tin to form stable complex ions with 
the food acid anions,* the high hydrogen overvoltage 
of tin® and other factors.® 

Much basic information course, resulted 
from pack tests.* Such information, however, has not 


has, of 
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in itself yielded a coherent picture of can corrosion 
mechanisms. Work in citric acid and other food acids 
has provided valuable information about corrosion 
processes ;**° however, such tests have not been 
demonstrated as being satisfactory to evaluate tin 
plate to be used in cans. There is considerable doubt 
that the corrosion mechanisms in such media corre- 
spond to those in food products in all respects. 
Vaurio' made test ends of the tin plate in question 
and double-seamed these unenamelled ends to full 
enamel-lined cans, Tests also were made using vari- 
ous types of tin-steel couples including a tin wire 
grid on a steel black plate can end. Where desired, 
the amount of hydrogen evolved in the can was fol- 
lowed by measuring deflections of the can end with 
a dial gauge. While the results of these tests are of 
considerable interest, even here the test information 
obtained was not as complete as would be desired. 


Scope of Experimental Program 

The test methods used here were designed to get 
maximum information by permitting accurate meas- 
urements of hydrogen evolution, the amounts of tin 
and steel dissolved, potential relationships, protec- 
tive currents, and polarization characteristics of cou- 
pled tin and steel elements. The test apparatus used 
in this work has been described in an earlier publica- 
tion.® Hydrogen volume and weight loss relation- 
ships were determined in all-glass cells of approxi- 
mately 300 cc volume with attached burettes for 
measuring the hydrogen gas. To measure the potential 
and current relationships, a different style of cell was 
used. This cell was bridged to a reference electrode 
and provided for external coupling of the tin and 
steel so that they could be uncoupled as desired for 
purposes of making measurements. 

The steel specimens used were 6 cm X 4 cm (48 
sq cm surface area) both for tests on black plate and 
for tests on black plate coupled to tin, These speci- 
mens were electrocleaned in sodium orthosilicate so- 
lution and rinsed prior to laboratory annealing. This 
provided a clean, bright surface which was not 
touched prior to testing. 

The tin anodes used were approximately 0.145 
inch thick and were cut into 3.5 cm squares (24.5 
sq em surface area). Ordinarily, only one anode was 
coupled to the steel specimen, although sometimes 
in the case of peaches, anodes were used on both 
sides of the steel specimen. Prior to use the tin 
specimens were electrocleaned and treated for 5 minutes 
in cold, concentrated hydrochloric acid solution. 

In making tests on tin plate, the specimen size was 
identical with that of the black plate specimens. 
These specimens also were electrocleaned prior to 
testing. In tin plate tests the specimen edges were 
stopped off with a phenolic can enamel. This was 
found to be unnecessary for the tests on the untinned 
steel black plate whether coupled or uncoupled. The 
tin used was commercial grade A longhorn tin and 
the same lot was used throughout the test work, The 
from four different heats. Check 
analyses for these steels are given in Table 1. 


steels used were 


The test media used were prune juice and liquid- 


ized peaches with all test 
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under air-free conditions. One brand of commercial 
bottled prune juice was used throughout. The juice 
normally was found to be quite reproducible in its 
characteristics, although occasionally portions were 
encountered in which the corrosion behavior was fa: 
from normal. Tests always were made comparative 
to material of known behavior so that such abnor- 
malities could be detected, This was encountered 
only occasionally and such results were discarded. 

In other tests one brand of canned freeston 
peaches was used throughout. In preparing the tes 
medium, half of the peaches in each can togethe: 
with all of the juice therein were liquidized in ; 
blender so that the medium could pass through the 
glass tubing in the test cells. Such liquidizing was 
done in a nitrogen atmosphere, This was followed by 
boiling under vacuum to remove gases from. the 
product. 

The previously mentioned rate-of-pickling test de- 
tects a condition in the steel base known as “pickle 
lag.” This is detected by determining the rate of 
corrosion of the steel base plate in 6 N hydrochloric 
acid at 90 C. A steel exhibiting an incubation period 
in which the rate of corrosion is lower than the final, 
constant, rate is said to possess a pickle lag. This 
empirical test reflects a condition in the steel surface 
lavers which is characterized by the formation of 
oxides in the grain boundaries.? The origin of this 
condition has been found to be associated with the 
composition of the annealing gases; evidently it 
comes about with the formation of gases which are 
oxidizing to the grain boundaries but reducing to the 
grain centers, 

Steels with a pickle lag have been demonstrated 
to have poor corrosion performance in prune pack 
tests. It has been found possible to produce a pickle 
lag in the laboratory by annealing the steel base 
plate in a wet hydrogen atmosphere; a dry hydrogen 
anneal produces a steel with no pickle lag. The steels 
used in this work were laboratory annealed in wet or 
dry hydrogen to include this variable in the test work. 

Pickle lag is only one factor affecting the corrosion 
resistance of the base plate. There are a number of 
other factors which are not specifically considered in 
this work. 


Corrosion of Tin 

In citric acid solution in the absence of air, tin is 
unattacked. This is because of the high hydrogen 
overvoltage of tin which prevents reduction of hy- 
drogen ions. Since no alternate reducible material 
is present, the tin is not oxidized. In the presence of 
air, tin is attacked, tin being oxidized concurrently 
with an equivalent reduction of oxygen. 

Inside a tin can, conditions must be considered as 
air-free. Corrosion rates were determined for tin 
specimens in air-free prune juice at both 140 F (60 C) 


TABLE 1——Chemical Analyses of Test Steels 


| 
WwW .073 40 .009 .032 | <.002) <.04 | <.006| <.02 | <.01 | <.02 
X .070 30 O13 042 | <.002| <.04 | <.006) <.02 | <.01 | <.02 
Y .056 35 013 .047 | <.002| <.04 | <.006} <.02 | <.01 | <.02 
z 074 38 010 .033 | <.002) <.04 | <.006) <.02 | <.01 | <.02 
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Figure 1—Comparison of corroding potentials and hydrogen evolution 
for uncoupled specimens of steel base plate in the dry hydrogen annealed 
and wet hydrogen annealed conditions, Graph is for Steel X and prune 
juice with 13 ppm Sn (as added stannous chloride) at 140 F (60 C). 
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Figure 2—Comparison of hydrogen actually evolved with the theoretical 

based on the steel weight loss for uncoupled specimens of steel base plate 

in prune juice at 140 F (60 C). Tests were run on dry hydrogen an- 
nealed steel Z. 


and 100 F (37.8 C). No detectible hydrogen was 
evolved. The specimens lost weight at a constant 
rate throughout the test. At 140 F (60C) the rate 
of tin loss was the equivalent of 1.0 cc hydrogen at 
STP per day; at 100 F (37.8C), the rate of tin 
weight loss was the equivalent of 0.22 cc hydrogen 
at STP per day. Inasmuch as no oxygen was present 
and since no hydrogen was evolved, it was evident 
that prune juice must contain some depolarizer, the 
reduction of which allows an equivalent amount of 
tin to be oxidized and taken into solution. The rates 
of tin solution mentioned correspond to approxi- 
mately 7.0 pounds per base box per year (0.420 mils 
per year) at 140 F (60C) and 1.5 pounds per base 
box per year (0.090 mils per year) at 100 F (37.8 C). 
(One pound per base box corresponds to a thickness 
of 60 millionths of an inch of tin.) 

No temperatures other than 140 F (60C) and 100 
I’ (37.8 C) were investigated, but for these two tem- 
peratures, the rate of tin weight loss obeyed the sim- 
ple rule that the rate of reaction is doubled for every 
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Figure 3—Effect of dissolved tin (as added stannous chloride) on the 
corroding potential of a wet hydrogen annealed steel base plate in prune 
juice at 140 F (60 C). Steel W was used in tests. 
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Figure 4—Effect of dissolved tin (as added stannous chloride) on the 
hydrogen evolved by a wet hydrogen annealed steel base plate in prune 
juice at 140 F (60 C). Steel W was used in tests. 


10 degrees C rise in temperature. Using this rela- 
tionship, it could be estimated that the rate of tin 
weight loss at 70 F (21.1 C) would be approximately 
0.5 pound per base box per year (0.030 mils per year). 

Data for the rate of corrosion of uncoupled tin in 
peaches were not determined. From the results of 
tests on tin plate, it was learned that the rate of 
detinning is about 7% times as fast in prune juice as 
in peaches, indicating the existence of a more effec- 
tive depolarizer in the prune juice. 

It was beyond the scope of the present work to 
investigate intensively the detinning rates or corro- 
sion rates of uncoupled specimens of tin. Conse- 
quently the data presented are not represented as 
being anything more than the corrosion rates of the 
particular tin specimens used in this work in the 
particular test media used. The aim here has been to 
call attention to the following facts: 


1. Hydrogen is not evolved in the corrosion 
of uncoupled tin. 
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Figure 5—Effect of dissolved tin (as added stannous chloride) on the 
corroding potential of a dry hydrogen annealed steel base plate in prune 
juice at 140 F (60 C). Steel W was used in tests. 


2. Uncoupled tin is attacked at a constant 
rate which is a function of the tempera- 
ture and the effectiveness of the depolar- 
izers present in the medium. 


There does not appear to be general agreement as 
vet on the importance of factors inherent in the tin 
on detinning rate. Some people believe that “tin is 
tin’ and that detinning rates are little affected by 
such factors as normal variations in chemical compo- 
sition, grain size, surface films, etc. Others are not 


so sure and believe that such factors may be of 
importance. 


Corrosion of Base Plate 

The rate of corrosion of uncoupled steel base plate 
in itself probably is not too important. In any event, 
a can will not last very long when it is completely 
detinned. The properties of the uncoupled base plate 
are principally important to the extent that they are 
carried over to influence the characteristics of par- 
tially detinned tin plate or a tin-steel couple. 

As in the case of uncoupled black plate (uncoated 
steel sheet) in citric acid solution,” a steel base plate 
in prune juice which has a pickle lag corrodes more 
rapidly than one without a pickle lag. Corrosion 
rates and corroding potentials for wet and dry hy- 
drogen annealed steel X in prune juice at 140 F 
(60 C) given in Figure 1 are typical. The corroding 
potential of uncoupled tin also is given. It is to be 
noted that there is a pronounced upsweep in the 
potential for the wet hydrogen annealed steel; for 
some steels these potentials actually are anodic to 
the tin potential. The difference between the hydrogen 
evolution rates of wet and dry hydrogen annealed steels 
in liquidized peaches is generally not quite so marked. 

In the corrosion of steel black plate in prune juice 
at 140 F (60 C), hydrogen was evolved at the theo- 
retical rate, This is illustrated in Figure 2. The theo- 
retical curve was calculated on the basis of the 
hydrogen equivalent of the steel weight loss. These 
results are in direct contrast to what has been ob- 
served for uncoupled tin. With uncoupled tin, there 
was reduction of depolarizers with no hydrogen 
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Figure 6—Effect of dissolved tin (as added stannous chloride) on the 
hydrogen evolved by a dry hydrogen annealed steel base plate in prune 
juice at 140 F (60 C). Steel W was used in tests. 


evolution ; with uncoupled steel, there was evolution 
of hydrogen with no reduction of depolarizers. Cor- 
rosion rates of uncoupled black plate in liquidized 
peaches generally were found to be somewhat higher 
than in the prune juice, especially for the dry hydro- 
gen annealed steels. 

Dissolved tin has been shown to have a definite 
inhibiting effect in citric acid solution, Opinion has 
been expressed that the inhibiting effect of tin is as 
important as the polarity of the tin-steel couple. In 
prune juice it was actually found that the effect of 
the dissolved tin is quite complicated. Figures 3 and 
+ show the effects of added stannous chloride on the 
corroding potential and the rate of hydrogen evolu- 
tion of uncoupled wet hydrogen annealed steel W in 
prune juice at 140 F (60 C). Addition of successively 
larger amounts of stannous chloride to the prune 
juice regularly shifted the potential of the wet hy- 
drogen annealed steel in the positive direction in 
agreement with the behavior observed in citric acid 
solution. 

It can readily be seen from Figure 3 that for this 
steel the presence of dissolved tin is also of impor- 
tance in helping establish tin as the anodic member 
of a tin-steel couple. Figure 4 shows that tin also 
exerts a definite inhibiting effect, but only at the 
beginning of the test. The meaning of this in terms 
of can corrosion is not entirely clear, but it appears 
reasonable to say that on the combined basis of the 
potential shift and the hydrogen evolution rate that 
dissolved tin is instrumental in increasing pack life 
for a wet hydrogen annealed steel. 

For a dry hydrogen annealed steel in prune juice, 
dissolved tin had little significant effect. The effect 
was somewhat variable for different steels, but com- 
monly it had a slight accelerating effect. This is 
illustrated in Figures 5 and 6 for uncoupled dry 
hydrogen annealed steel W. Tests also were run 
here for the 13 ppm and 39 ppm tin additions, but the 
data are not plotted because all the results were so 
close together, These results are for single potential 
cells. In another test with multiplicate volume type 
cells it was found that an addition of 65 ppm tin 
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“igure 7—Hydrogen evolution and weight loss data for a wet hydrogen 
innealed steel base plate coupled to tin in prune juice at 140 F (60 C). 
Steel W was used in tests. 


TABLE 2——Numerical Ratings for the Results of Tests on Tin-Steel 
Couples in Prune Juice at 140F (60C) 


| 
Time for 
Evolution of 
10 cc He at 
STP—Days 


Hydrogen Final Rate 
Evolved in of He 

7 Days Evolution— 
cc at STP ce per Day 


Annealing 
Atmosphere 


Dry is 
Wet He 


increased the corrosion rate of dry hydrogen 
nealed steel W by approximately 80 percent. 

From these data it would appear reasonable to 
conclude that in actual fruit products, dissolved tin 
may be instrumental in prolonging the shelf life in 
some cases; however, there will be found cases in 
which it provides no benefit. An inhibiting effect of 
dissolved tin cannot be predicted without adequately 
investigating the case in question. 


The Tin-Steel Couple in Prune Juice 

In prune juice at 140 F (60C) there was a much 
vreater difference in hydrogen evolution rate be- 
tween the dry and wet hydrogen annealed conditions 
when the steel was coupled to tin. This is illustrated 
for wet and dry hydrogen annealed steel W = in 
Figures 7 and 8, These tests were run using a series 
of tin-steel couples in from 7 to 10 test cells all started 
at the same time. In all couple tests, unless other- 
wise noted, an addition of 13 ppm Sn** (as SnCl.) 
was added to the corrosive medium. 

Hydrogen evolved was measured for each cell 
throughout the test. One test cell was discontinued 
each day to determine the weight loss of the tin and 
the steel in that time. Reproducibility in these tests 
was always excellent, and the curves shown very 
closely approximate the experimental points, which 
are omitted principally to make the figures clearer. 
The “total equivalent” curve shown represents the 
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Figure 8—Hydrogen evolution and weight loss data for a dry hydrogen 
annealed steel base plate coupled to tin in prune juice at 140 F 
(60 C). Steel W was used in tests. 


sum of the hydrogen equivalent of the tin dissolved 
and the hydrogen equivalent of the steel dissolved. 
The “equivalent unevolved” is the difference be- 
tween the total equivalent and the actual evolved 
hydrogen. After approximately the first day, it repre- 
sents the rate of reduction of depolarizers present. 

For the four steels tested there were certain variations 
in the results, but the folowing points were evident: 


1. There was a great difference in hydrogen 
evolved between wet and dry hydrogen 
annealed steels. This difference was much 
greater than was found in citric acid solu- 
tion or the difference which was indicated 
in tests on uncoupled black plate in prune 
juice, In connection with such results, 
various quantities could be used as an 
index of the corrosion rate of a particular 
tin-steel couple. Table 2 shows the results 
for the four steels tested in both the wet 
and dry hydrogen annealed conditions as 
rated by three separate systems. The wide 
differences are evident no matter which 
rating system is used. Considerable varia- 
tions are shown for the different steels, 
but there was always a great difference 
between the results for the wet and the 
dry hydrogen annealed conditions. 


2. The wet hydrogen annealed steels were 
attacked much more rapidly than the dry. 
Except for a small amount of attack oc- 
curing at the beginning of the test, the 
dry hydrogen annealed steels were com- 
pletely protected by the tin. The wet hy- 
drogen annealed steels were not. 


. The rate of reduction of depolarizers was 
roughly constant. Evidently this occurred 
only on the surface of the tin and was not 
dependent on the material to which the 
tin was coupled, 


. The rate of solution of tin was markedly 


increased by coupling to steel. Rates of tin 
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Figure 9—Potential relationships and protective current for a wet 
hydrogen annealed steel base plate coupled to tin in prune juice at 140 F 
(60 C). Steel W was used in tests. 


TABLE 3—Corrosion Rates of Tin in Prune Juice 


RATE OF CORROSION (mils per year) 
COUPLED TO 


At 140 F (60 C At 100 F (37.8 C) 
Nothing oe AL 0.09 
Dry W. Oe 0.13 
Wet W ol 0.21 


Dry X 5S 0. 
Wet X 76 0.5 
Dry Y 0. 


] 
Wet ‘ ; 0.21 


Dry Z 416 0.25 
Wet Z 1 0.34 


solution were greater when coupled to wet 
hydrogen annealed steels than when cou- 
pled to the dry. Comparisons for all the 
steels tested at both the 140 F (60 C) and 
the 100 F (37.3C) testing temperatures 
are shown in Table 3. Inasmuch as the 
rate of tin solution as well as the rate of 
steel solution was increased with the wet 
hydrogen annealed steel, it is indicated that 
a cathodic property of the steel is involved. 

It might also be mentioned that corrosion rates of 
tin-steel couples in prune juice were considerably 
lower than in citric acid solution or in citric acid- 
sodium citrate solutions of the same pH (3.75) as 
prune juice. This indicates the effect of inhibitors in 
the food product. 

The effect of stannous chloride additions in tests 
on tin-steel couples in prune juice at 140 F (60C) 
also was investigated. It was found that the effects 
noted in the comparable tests on uncoupled black 


plate were carried over into the tests on tin-steel couples. 


Potential Relationships in Prune Juice 
at 140 F (60 C) 


Potential relationships for coupled wet and dry 


hydrogen annealed steel W in prune juice at 140 F 
(60 C) are shown in Figures 9 and 10, All potentials 
are relative to the saturated calomel electrode. The 
tin and steel potentials were taken by uncoupling 
and measuring after one minute. Reasons for this 
procedure have been explained in an earlier paper.” 


The magnitude of the protective current was deter- 


232t 





60 


© 


uo 
Potential - Volts Negative - Saturated Calomel 


3° 
° 
2 


Tin Potentio| —§_ 


—_— 
-_— 
ed 
——— 


N 


Couple Potential 


Steel Potential 


w 


Current Through |OQ2-—ma 


Indicated Hydrogen Fvolved ~- ¢ 


.._Protective Current 
--—-- — a 
ee el Hydrogen Evolved 
ak 1 ah 1 
' 2 3 4 5 
Time - Days 


—_—_ 


Figure 10—Potential relationships and protective current for a dry hy 
drogen annealed steel base plate coupled to tin in prune juice at 140 F 
(60 C). Steel W was used in tests. 


TABLE 4—Results of Vacuum Fusion Analysis for Hydrogen in 
Steels After Corrosion Testing in Prune Juice at 140F (60C), 
Coupled to Tin 


Hydrogen— 
Percent 


Dry | 0.00015 
0.00015 
0.00020 
0.00025 


‘e Hydrogen Annealing) Days Tested 
STEEL Atmosphere in Prune Juice 


0.00010 
0.00070 
0.00070 
0.00165 
0.00010 
0.00010 
0.00005 
0.00010 
0.00050 
0.00180 


mined by coupling the tin and the steel through a 
10 ohm resistance and measuring the potential drop 
across the resistance, In some of the work, a zero 
resistance ammeter was used. 

From these data, as well as those for the other 
steels tested, the following points were noted: 


1. The protective current, or the galvanic 
current between the tin and the steel, was 
found to be higher for the wet hydrogen 
annealed steels than for the dry. Again 
this indicates that the difference between 
the wet and the dry hydrogen annealed 
steels in prune juice is largely cathodic in 
nature. 


. As would be expected from the pronounced 

cathodic influences, there was no simple 
relationship between corrosion rate and 
corroding potential, although lower corro- 
sion rates are to be associated with steel 
potentials which shift markedly in the 
cathodic direction. 


By putting various size resistors between the steel 
and the tin, polarization curves were investigated. 
It was found that the dry hydrogen annealed steel 
polarized as a cathode far more readily than the wet. 

Hydrogen dissolved by the steel in the course of 
a coupled test in prune juice at 140 F (60C) was 
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igure 11—Hydrogen evolution and weight loss data for a wet hydrogen 
innealed steel base plate coupled to tin in prune juice at 100 F (37.8C). 
Steel Y was used in tests. 


etermined for some of the steels tested. Vacuum 
usion analyses were made on the steels within 20 
ninutes after discontinuing the corrosion test, Re- 
ults are given in Table 4. It is seen that there was 

considerable amount of hydrogen dissolved for 
he wet hydrogen annealed steels while the dry hy- 
lrogen annealed steels dissolved essentially no hy- 
lrogen. It would appear from the fact that the wet 
ivdrogen annealed steels both dissolved and evolved 
nore hydrogen, that more hydrogen actually reached 
he surface of the wet hydrogen annealed steels and 
vas adsorbed. This suggests the existence in prune 
juice of an inhibitor which for some reason is more 
readily adsorbed on the surface of a dry hydrogen 
innealed steel than a wet one. 


Relationships of Coupled Tests to Uncoupled Tests 

It has been claimed!’ that the results of tests on 
uncoupled black plate may be used to indicate the 
merit of the base plate. It has been mentioned that 
the properties of uncoupled black plate are of impor- 
tance principally to the extent that such properties 
are carried over to the tin-steel couple. The value of 
t test on uncoupled steel black plate in rating corro- 
sion performance must be based on a consistent 
relationship between hydrogen evolution rates for 
the tin-steel couple and for black plate. 

It was found that there was a much greater differ- 
ence between the dry and wet hydrogen annealed 
steels in coupled tests than in uncoupled tests. As a 
result of this, the relationship between test results 
tor black plate and for tin-steel couples was found 
to be considerably different depending on whether 
the steel did or did not possess a pickle lag. Since 
the degree of pickle lag in commercial tin plate is 
subject to variation, no consistent relationship be- 
tween tests on black plate and tests on tin-steel couples 
(or pack tests) is to be anticipated, The uncoupled 
corrosion rate could be expected to serve only as a 
rough qualitative estimate which could be far off for 
particularly bad steels. 


Anodic Coupling Shift 


Normally the concept of cathodic protection re- 
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Figure 12—Hydrogen evolution and weight loss data for a dry hydrogen 
annealed steel base plate coupled to tin in prune juice at 100 F (37.8C). 
Steel Y was used in tests. 





quires an increase in the rate of the reduction proc- 
esses occurring at the cathodes. This would mean an 
increase in the rate of hydrogen evolution for a 
coupled piece of steel over its hydrogen evolution 
rate when uncoupled. Actually, however, it was 
found that there was a very large decrease in the 
hydrogen evolution rate on coupling. This had been 
previously noted and had been explained on the 
basis of the inhibiting effects of dissolved tin. 

It may be remembered from the above information 
that the greatest decrease in the rate of hydrogen 
evolution on coupling was for the dry hydrogen 
annealed steels; yet, dissolved tin here showed no 
inhibiting effect in prune juice, This explanation, 
therefore, certainly can not be valid although in 
some cases it will exert a contributing effect. 

The decrease in hydrogen evolution rate is ex- 
plainable on the basis of the anodic coupling shift 
which has been noted previously in citric acid.*? This 
involves a shift in the anodic polarization curve for 
the steel which in some unexplained manner occurs 
on coupling to the tin. It is seen in Figures 9 and 10 
that the anodic coupling shift, as evidenced by the 
displacement of the steel potential in the cathodic 
(positive, noble) direction, was considerably greater 
for the dry hydrogen annealed steels in prune juice 
than for the wet. Since the success of the plain can 
is dependent largely upon the decrease in hydrogen 
evolution as well as the protection of the steel, it is 
largely traceable to this phenomenon of the tin-steel 
couple. 

Tests at 100 F (37.8 C) 

The 140 F (60 C) test temperature was used to get 
test results as rapidly as possible. This was particu- 
larly desirable when comparative tests were to be 
made on tin plate, for tests on tin plate involve a 
relatively long detinning period at lower tempera- 
tures before the test yields the desired information. 
Another advantage of the 140 F (60 C) test temper- 
ature was that there was no problem of food spoilage. 
It was, of course, realized that the 140 F (60 C) test 
temperature is higher than that to which cans are 


subjected in storage. 


233t 























































CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 





w 4 on 
9 9S SS 


i) 
oO 
T 


Hydrogen Evolved — cc at ST.P 


ieee Equivalent 
ania 1 
8 10 12 14 16 


Time — Days 





“0 nevoived 





Figure 13—Hydrogen evolution and weight loss data for a dry hydrogen 
annealed steel base plate coupled to tin in liquidized peaches at 140 F 
(60 C). Steel X was used in tests. 
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Figure 14—Potential relationships and protective current for a wet hy- 
drogen annealed steel base plate coupled to tin in liquidized peaches at 
140 F (60 C). Steel W was used in tests. 


To meet possible objections, tests also were run in 
prune juice at 100 F (37.3C) which is an accepted 
standard test temperature in the can industry. Typi- 
cal results for a wet and a dry hydrogen annealed 
steel, steel Y, coupled to tin in prune juice at 100 F 
and 12. The following 


are shown in Figures 11 


points may be noted: 

1. Again, a very wide difference between the 
wet and the dry hydrogen annealed steels 
was shown. 

. Tin dissolved more slowly and appeared 
to afford less protection at 100 F (37.8C). 

. The dry hydrogen annealed steel was at- 
tacked very slowly, but it was not quite 
fully protected. 

. There was less effective protection of the 
steel than at 140 F (60 C). 

.100 F (37.8C) tests differentiated be- 
tween wet hydrogen annealed steel and 
dry hydrogen annealed steel to about the 
same extent as the 140 F tests. There was 
found to be a greater spread between the 
results for the dry hydrogen annealed 
steels at 100 F (37.8C) than at 140 F 
(60 C). 
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Figure 15—Potential relationships and protective current for a dry 
hydrogen annealed steel base plate coupled to tin in liquidized peaches 
at 140 F (60 C). Steel W was used in tests. 


TABLE 5—Hydrogen Volume and Weight Loss Results for Dry and 
Wet Hydrogen Annealed Steels Coupled to Tin in Liquidized 
Peaches at 140F (60C) 


| Hydrogen| Hydrogen! Hydrogen| | 

| Equiva- | Equiva- | Equiva- 

| lent of lent of lent of 

| Steel | Tin Total Measured; ‘Un- 

Weight | Weight Metal | Hydrogen} evolved” 

Time of | Loss | Loss Oxidized | Evolved | Hydrogen 
Steel Test-Days) cc at STP | cc at STP | cc at STP | cc at STP | cc at STP 
Dry W 
Wet W | 
Dry X 
Vet X 
Dry Y 
Wet Y 
Dry Z 
Wet Z 


10.7 
16.1 

6.2 | 
6.4 

3.3 


% 


14.5 i 

20.0 | 

10.5 | 

11.0 : | 

13.9 . | 
| 
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l 16.7 
9.0 
11.1 
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[It would appear that if coupled tests alone are 
desired, there is very little advantage in making 
tests at 140 F (60 C) over the 100 F (37.8 C) except 
that foods other than prune juice might spoil. Tests 
on tin plate at 140 F (60C) are considerably faster 
and if it is desired to compare coupled test results 
with results on actual tin plate, this test temperature 
is advantageous. While there are certain differences 
between the test results at 140 F (60C) and 100 F 
(37.8C), the coupled tests made at the higher tem- 
perature serve, in general, to give the same desired 
information in prune juice. 


Peaches 

Not as much work was done in the peaches as in 
the prune juice, but it could be determined that the 
two food products had vastly different behavior. 
Volume cell results for dry hydrogen annealed steel 
X in liquidized peaches are given in Figure 13. The 
data for wet hydrogen annealed steel X were found 
to be practically identical and so are not given. 

Data for all of the steels are summarized in Table 
5. Unfortunately, data for steel Z are available only 
for a three day test period. It is to be noted that 
differences between the dry and wet hydrogen an- 
nealed conditions appeared, but that they were very 
small compared to what was found in prune juice. 
What difference exists appears to be anodic in 
nature inasmuch as the differences in hydrogen evo- 
lution seem accountable entirely in terms of steel 
weight loss, there being no difference in the tin 
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“igure 16—Comparison of hydrogen evolved for tin plated specimens of 

iry hydrogen annealed and wet annealed base plate in prune juice at 

140 F (60 C). Steel Y, tin plated to 0.37 pound per base box from 
alkaline bath, was used in tests. Tin was not flow brightened. 


TABLE 6—Effects of Coupling to Tin. on Hydrogen Evolution and 
Weight Loss Results in Liquidized Peaches—7 Days at 140F (60C) 
for a Mill Annealed Black Plate 


HYDROGEN EQUIVALENT—cc at STP 


Coupled, | Coupled, 
Uncoupled 1 Anode | 2 Anodes 
a | | 

teel Equivalent. .... 94.9 10.7 | 2.1 
in Equivalent . ; | 4.5 | 7.3 
tal Equivalent...... 23.2 ] 15.2 9.4 
\feasured Hydrogen... 19.8 11.5 6.0 
quivalent Unevolved. 3.4 3.7 3.4 


veight loss. In these respects, peaches are similar 
io citric acid solution rather than to prune juice. 

These indications are confirmed by potential cell 
data, typical examples for whichare given in Figures 
14 and 15. It is seen that there was a somewhat 
vreater rate of hydrogen evolution for the wet hy- 
drogen annealed steel than for the dry. The protec- 
tive currents were found to be identical and to be 
quite low. As in the case of citric acid solution, more 
negative potentials were registered for the more 
rapidly corroding steel. 

In peaches the tin was not able to protect the steel 
at as great a distance as in prune juice. This is trace- 
able to the small difference between the uncoupled 
potentials of the steel and tin as noted in Figures 
14 and 15 and to some degree to the relatively low 
electrolytic conductance of the liquidized peaches. 
The specific conductance of peaches was about one- 
third that of the prune juice. 

It will be recalled that the test couple used con- 
sists of one piece of tin and one piece of black plate. 
Because of the fact that the protective effect of the 
tin does not extend to as great a distance in the 
peaches, it was found by visual examination that the 
side of the black plate facing the tin appeared well 
protected, while the reverse side appeared poorly 
protected, In view of the magnitude of the protective 
currents indicated in Figures 14 and 15, it might 
appear surprising that there was any significant 
protection. To check the extent of protection by such 
a small current, a comparative test was run on a mill 
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Figure 17—Comparison of corroding potentials and hydrogen evolved 
for tin plated specimens of wet and dry hydrogen annealed steel base 
plate. Steel Y was used in tests and tin was not flow-brightened. 


annealed black plate with five test cells for each of 
the following conditions : 


1. Uncoupled steels. 
2. Coupled to one tin anode. 


3. Coupled to two tin anodes, one on each 
side of the steel sheet. 


The test was run for seven days. Reproducibility 
for the cells in any group was excellent. Results are 
given in Table 6. Coupling to two anodes produced 
a marked reduction in iron solution. Between the 
one and two anode conditions it is seen that an in- 
crease in the tin solution rate to the extent of 2.8 cc 
H, equivalent reduced the rate of attack on the steel 
by 8.6 cc H, equivalent. It is again evident that the 
anodic coupling shift mechanism must be operating. 


Tests on Tin Plate 
A test on tin plate parallels an actual pack test and 
represents a composite of the corrosion of uncoupled 
tin, the corrosion of the tin-steel couple and the cor- 
rosion of the uncoupled steel. The corrosion of tin 
plate here may be divided into three periods: 


1. Steel Essentially Completely Covered by Tin. In 


this period tin into solution concurrently 


with the reduction of depolarizers present in the 


goes 


product. Any steel base exposed at the pores is 
sacrificially protected, but the total area of steel 
base exposed at the pores is too small to influence 
the corrosion picture and no significant amount of 
hydrogen is evolved. It would be expected that 
corrosion in this period is essentially the corrosion 
of uncoupled tin and that the corrosion rate of the 
tin is unaffected by the characteristics of the base 
plate. At the present time there seems to be rather 
general agreement that for the type of corrosion 
under consideration the effect of porosity is of no 
importance, but in spite of this there is not general 
agreement that the characteristics of the base plate 
do not affect the corrosion rate of the tin. Vaurio” 
found in his tests that the rate of solution of the 
tin coating at 100 F (37.8C) is not dependent on 
the corrosion resistant qualities of the steel base, 
but not everyone appears convinced. 


235t 
















































































































28 





2. Significant Area of Steel Base Exposed. Corrosion 
mechanisms operative in this period are those of 
the tin-steel couple and in this period the steel 
base exerts its influence on the pack life. A can 
may fail before the end of this period and never 
actually get into period three. 


w 


.Can Completely Detinned. While there will be 
differences between the steels, in any event this 
period would not be expected to last more than a 
matter of weeks for prune juice. It must be as- 
sumed that the life of a can is largely determined 
by the length of time it takes to get up to this 
period and not so much by what goes on in this 
period. 

There are indications that in many food products 
the corrosion picture may be somewhat more com- 
plicated than the above. 

Tests to determine the actual vacuum loss in 
packed cans as well as other data are in agreement 
with results of this work that no hydrogen is evolved 
in the first period. It is a little hard to define the 
precise end of the first period. It seems to be a grad- 
ual transition. The time hydrogen starts to be 
evolved as well as the rate of hydrogen evolution 
are both functions of the steel base. This is shown 
in Figure 16 where hydrogen evolution results for 
three cells with tin plated wet hydrogen annealed 
steel Y and three cells with plated dry hydrogen 
annealed steel Y are given, The coating thickness in 
this case was 0.37 pound per base box and the plate 
was not flow-brightened. 

The interpretation to be given seems to be that 
the wet hydrogen annealed steel starts to evolve 
hydrogen as soon as a small amount of steel is ex- 
posed, while the dry hydrogen annealed steel evolves 
hydrogen but slowly as long as some tin remains on 
the surface to protect it. This viewpoint is supported 
by potential cell results for plated wet and dry hy- 
drogen annealed steel Y as in Figure 17. The poten- 
tial of the wet hydrogen annealed steel was rather 
insensitive to the relative amounts of tin and steel 
exposed, but that of the dry hydrogen annealed steel 
showed a sharp dip as soon as steel started to be 
exposed. Hydrogen evolution commenced at this 
time for the wet hydrogen annealed steel but not for 
the dry hydrogen annealed steel, When completely 
detinned, the potential of the dry hydrogen annealed 
steel again became more anodic; hydrogen evolution 
for the dry hydrogen annealed steel started shortly 
before this. 

It was found, in general, that the indications of the 
tin-steel couple tests carried over to differences in 
tests on tin plate. The tin plates representative of the 
steels considered here were not tested in the flow- 
brightened condition. This was not considered neces- 
sary as it has already been established that pickle 
lag survives the flow brightening operation to ex- 
hibit its influences in packed cans.’ The aim here has 
been to learn something of the mechanisms involved. 
In connection with other work, a_ considerable 
amount of flow-brightened tin plate was tested in 
the manner used here, and no reason was found to 
alter the above concepts. 


Summary 
It has been the aim here to consider in some de- 
gree the correlation of influences existing in the tin 
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plate and in the can contents on the shelf life of plain 
cans packed with fruit products. It has long bee 
known that certain influences present in the base 
plate are of considerable importance for some foo: 
products and of little or no importance for others. ] 
the past, pack data have indicated almost ever 
product to behave differently. It is believed that this 
is the result of variations in degree of a limite: 
number of factors, rather than a sevies of specifi 
factors for each product. No claim is made that a! 
such factors are understood or recognized here, but 
it is possible to call attention to some of them, 

In the life of a tin can packed with a product suc 
as prune juice, the first period is one in which simp! 
detinning occurs, presumably with no influence « 
the steel base. The following factors determine th: 
length of this period: 


1. Thickness of the tin coating (and uni- 
formity of thickness). 


bo 


. Effectiveness of depolarizers present in 
the food product. 

3. Possible influences of natural inhibitors 
in the product on the rate of solution of 
tin. 


4. Possibly factors inherent in the tin coat- 
ing. 

Accepting the findings of Vaurio that the detin- 
ning rate is not affected by the corrosion resistant 
properties of the base plate in this period, any in- 
crease in the length of the first period is directly 
reflected in increase in shelf life regardless of the 
base plate. This, then, is a function of : 

1. The detinning rate. 

2. The coating thickness. 
For the two products tested, prune juice detinned 
much faster than peaches and the shelf life of prune 
juice in cans would be expected to be the shorter for 
this reason alone—as it normally is—regardless of 
the corrosion resistance of the base plate. 

A second period of corrosion commences as soon 
as a significant area of steel base is exposed. The 
properties of the steel base are quite important in 
this period and the situation is quite complicated. 
The following are suggested as possible factors, 
variable from steel to steel and from food product to 
food product, which determine corrosion resistance 
in this period. 


1. Anodic properties of the steel base. 

2. Inhibitors present in the product. 

3. Properties of the steel or steel surface 
which influence its power to adsorb cer- 
tain of these inhibitors. 


4. Known and unknown factors which in- 
fluence the potential relationships —be- 
tween steel and tin. This includes the 
unexplained “anodic coupling shift.” 

It is to be noted that the effect of pickle lag is 
variable with respect to the product and that the 
effect of dissolved tin as an inhibitor is related to 
both the corroding medium and to pickle lag, It is 
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further to be noted that in prune juice more hydro- 
ven is adsorbed on the surface of a steel with a 
pickle lag than on a steel without the pickle lag. 
Chis suggests that the effect of pickle lag with prune 
juice is through inhibitors present in the product 
vhich adsorb more readily on the dry hydrogen 
nnealed steel than on the wet hydrogen annealed 
steel. 
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Hydrogen Sulfide-Water Absorption Pilot Plant mou 
shov 
By B. W. BRADLEY and N. R. DUNNE Ti 
ve 
ri 
mec 
or 
. > 
Introduction e 
N APRIL of 1951 Shell Oil Company discovered ¥ 1e 
a gas reservoir which contained an exceptionally Fy 
large percentage of hydrogen sulfide. By mid-1954 B. W. BRADLEY—A member of the Technolcg- sr 
suffici cai diat ls 11 : es ical staff in the Exploration and Production 
su ficient resery es ad been proven to warrant prep- Department, Shell Oil Company, New York, to 
aration of plans for construction of central gas proc- New York. He is a 1944 graduate of Rice ati 
inte oo wae coos : aS Institute with a BS in chemical engineering 
essing facilities. Almost half o > gas s fiel« ; , 
- vor ‘ : ‘ halt” f the o* - this field He also has an MBA degree, 1949 from the ati 
consisted of acid gases (see Table 1). Therefore, pro- business school at the University of Texes. Ww 
duction and marketing considerations included sul- oy see pen I 1948 he has rome ye iro 
. ; ees 5 ai ii toh ial ea a al cerned with chemical engineering problems in 
fur manufacturing and the sale of sweetened gas. production operations dealing principally with he 
In view of the large percentage of acid gas to be corrosion in production and gas processing ve 
removed (ca. 45 percent), it was obvious that a con- facilities, treating of yee waters, and ges a 
: , ; process design. . 
ventional sweetening plant, employing a water solu- " 
tion of monoethanolamine, would involve a high 
utility operating cost. For this reason consideration \ 
was given to the use of a water absorption plant. * 
Preliminary calculations indicated that because of N. R. aac wh Ra ee ongi- ro 
; . tye € . : “ : ° neering, and an at the University t 
» wate SZ rh parti ‘ssures : - : 
the water solubilitic s and high p irtial pressures of the of Saskatchewan. He joined Shell Oil Company pon 
acid gases, significant quantities of acid gas could be in 1952 as an engineer in the production de- ine 
extracted by a process of high pressure absorption eager “v ~~ a with a \ 
, ; : 5 ; i sion and other chemical engineering problems > 
t » Fe ES re aS ary > . . . : “* 
followed by low pECeemre desorption. \ ery little, ut associated with oil and gas production as well — {fo 
any, heating or cooling requirements were indicated. as gas plant corrosion problems in Shell’s op- cial 
These estimates were based on literature data con- erations in Western Canada. He is a member I: 
: cate : ; of NACE and the Association of Professional }lat 
cerning the solubility of hydrogen sulfide in water. Engineers of Alberta. iil 
Therefore it was essential to establish the reliability nae 
- . . . . . rm . rs 0 
of the available equilibrium ratios. This could best per 
vel 
be done on a bench scale or pilot plant basis. A pilot ne 
lant was selected as the test method since it also | 
' Abstract rate 
would provide needed experience with producing the eee boas 
II Atl is ~slae peiy oe Siacnes, sl filian sig In evaluating gas processing facilities to sweeten an aS 
wells. Although the potmaty Perpou ot i =P ot extremely sour natural gas, technologists estimated hou 
plant was to establish absorption characteristics, ex- high pressure water absorption followed by simple I 
tensive corrosion tests were planned for the test low pressure flashing would be attractive. Consider- pie 
. ay eee. i : ey ation of reduced heat exchange and stripping heat por 
period. The purpose of this report is to summarize requirements indicated that appreciable savings in Wo 
the corrosion measurements obtained during the op- investment and operating costs could be effected by 
eration of the oilot plant the process. Accordingly, a water absorption pilot Sur 
; ] pram. plant was constructed and operated for a brief period est 
to establish the absorption and desorption charac- Cat 
Description of the Plant teristics under the existing | field conditions. Since i 
~ : . ; d corrosion problems were anticipated, a series of cor- pol 
Phe flow diagram of the pilot water absorption rosion evaluation tests were conducted concurrently ‘ 
plant which is shown schematically in Figure 1 con- eg age — Or hicl of 
a a - TO ESTE SS er ae s ; arbon steel corrosion rates, although very high = 
sisted of a high pressure absorber column and a low during the first few hours or days, were found to Hig 
pressure degasifving drum,a water circulation pump, diminish to a tolerable level within the 19-day test. tici 
filter, heat exchanger, and gas scrubbers. sees ee steel, stainless steel Type 304, In- Sin 
; ars cote R conel and K-Monel, were found resistant to sulfide 
All vessels were constructed of carbon steel and stress corrosion cracking. Inconel, Monel, and 304 pos 
stress relieved. Carbon steel piping was fabricated on ~ showed low nent loss corrosion. fe aig. ex] 
ae a EO Ses ee a Th probes indicated decreasing corrosion rates in ab- 5 
( : ) » > » »d. S s Ss ‘ ea > Pk : “ 
location but not stress relieved. Stainless steel Type sorber and degasifying drums during the test period. the 
304 thermometer wells were used throughout the A water dispersable, amine type inhibitor reduced act 
plant. Although Monel or aluminized relief valve carbon steel corrosion rates and indicated protec- sa 
one ees cied. they were aveilshie ani tion from sulfide stress corrosion cracking. 
Springs Were Specined, tacy Were Usavelane an Data indicated stress relieved carbon steel vessels por 
ordinary spring steel was used in the test. and piping with corrosion resistant alloys for crit- ‘ 
To facilitate corrosion measurements removable ical process parts, such as pumps, Bourdon tubes, clu 
re cecaieed ua : eat thermometer wells, orifice plates, and relief valve : 
coupon holders were located at nine locations as springs would provide acceptable service life. The dit 
se asain) ona’ “aceite ok test data also indicate carbon steel weight loss and bli 
meeting of the South Central Region, National Association of Corro- sulfide corrosion cracking severity of the environ- 
sion Engineers, San Antonio, Texas, October 23-26, 1956. ment can be reduced by inhibition. 8.4.3 lor 
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shown in Figure 1. In addition, racks of alloy and 
cracking coupons were mounted in the top and bot- 
tom Raschig ring beds. A hydrogen probe was 
mounted in both the absorber and degasifier -as 
shown. 
Plant Operation 
The plant operated intermittently for periods of 
--veral hours to several days during a seven-week 
‘riod. Most shutdowns were of short duration for 
1iechanical changes or repairs. Except while chang- 
g the column internals from Raschig rings to bub- 
e caps, an oxygen-free environment was held in 
rie plant. 
From a corrosion standpoint the time considered 
representative of operating environment included 
total of 19 days at normal plant pressure with 
ater circulation and gas flow. Although the gas and 
ater rates were varied throughout the test to obtain 
wide range of absorption data, it was felt the en- 
ironment approximated that of a commercial plant. 
he absorber operated at several pressure levels be- 
iveen 500 and 700 psig; the degasifier operated at 
and 15 psig. 


Carbon Steel Corrosion 


\s previously mentioned and as shown in Figure 
. arrangements to expose carbon steel coupons were 

provided throughout the plant. The strip-type cou- 
pons were mounted in duplicate on removable hold- 
crs. Each coupon was insulated from the holder. 

\ program of exposure times was selected in an 
effort to check the only similar but unpublished, cor- 
rosion experience known at the time of the pilot 
plant test. This experience, depicted by Figure 2, re- 
ported very high corrosion during the first few hours 
or days, which declined to a level of about 10 mils 
per year in a few months. For purposes of planning 
these tests, it was assumed that the 10 mils per year 
rate would occur one year after start-up. On this 
basis exposure times of 1, 2, 24, 48, 168, and 336 
hours were to be made if possible during the limited 
pilot plant operation for carbon steel coupons at cou- 
pon exposure point 6 on Figure 1. It was felt this 
would be the point of highest acid gas partial pres- 
sure and the most acidic water. Therefore, the high- 
est Corrosion rates were expected at this point. 
Carbon steel coupon changes for the other exposure 
points were to be made as often as convenient. 

Average corrosion rates measured in the bottom 
f the absorber (point 6, Figure 1) are shown on 
Figure 3. These rates were slightly lower than an- 
ticipated, but exhibited the expected trend with time. 
Similar measurements at other points for two ex- 
posure times also are shown in Figure 3. Except for 
exposure point 9, located in the degasifying drum, 
the corrosion rate declined with time. Abrasive 
action of water impinging on the coupon at point 9 
might account for the difference observed at that 
point. 

The surface condition of the coupons at the con- 
clusion of these tests is shown in Table 2. The con- 
ditions consisted of varying degrees of corrosion, 
blistering, and scale. In general, the coupons with 
longer exposure times were prone to show numerous 
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Figure 1—Schematic process diagram of hydrogen sulfide-water 
absorption pilot plant. 


TABLE 1—Composition of Gas Feed to Hydrogen Sulfide-Water 
Absorption Pilot Plant 


CHEMICAL C 


Hydrogen Sulfide 
Carbon Dioxide... . 
Nitrogen 

Methane 
Ethane... 

Propane 

Butanes 

Pentanes 

Hexane plus 


TABLE 2—Surface Condition of Carbon Steel Coupons After 
Exposure in Hydrogen Sulfide-Water Absorption Pilot Plant 


Average 
Corrosion Coupon 
No. Exposure Location in Hours RateinMPY Appearance! 
1 Absorber Top ; , 47 71 Xx 
220 30 xx Ss 


Absorber 2nd Section. .. 47 00 
220 00 


Absorber 3rd Section 2 00 
22 oo 


Absorber 4th Section ‘ 8: 00 
7 oo 


Absorber Bottom... 00 
2 00 
XX 

oo SS 

oo SS 


Rich Solution Line... .. 56 xo 
15 00 s 


8 Tail Gas Scrubber Drain?. . .| 00 
oo 
XX 
oo § 
XX 3 
| | , ie 
| 245 5 | Mele 2 


Flash Tank 


2 Corrosion rate data inconsistent. 


1 Code to coupon appearance L 
Possibly due to location in deadline 


o No blistering 

x Few blisters 

X Numerous blisters 

s Some adherent scale 
S Much adherent scale 


blisters or a coating of adherent scale. Coupons lo- 
cated in the middle of the column exhibited corro- 
sion only. 


Sulfide Corrosion Cracking 
In view of the sulfide corrosion cracking failures 
experienced in extremely sour oil and gas wells dur- 
ing recent years, a series of cracking tests were 
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Figure 4—Assembly for use in field tests. Each 
eyeoauue tisk ani noua specimen is held in a separate unit holder and 
: es . is insulated from it by small glass rods. The 
Figure 2—Anticipated corrosion rate of carbon specimen is insulated from the loading screw 
steel in hydrogen sulfide-water absorption pilot Figure 3—Carbon steel corrosion rates in hydro- by a small glass bead. Each unit holder is 


plant. gen sulfide-water absorption pilot plant. separated from its neighbors by wire screen. 


ExPOSURE TIME IN HOURS 


TABLE 4—Corrosion Summary of Alloy Specimens in Hydrogen 


























Sulfide-Water Absorption Pilot Plant F 
- 2 FY 
CORROSION RATE IN MPY i 
Absorber | Absorber 4 
ALLOY Top | Bottom y 
304... ‘% te 0.04, 0.07 <0.1, <0.1, 0.6 2 
302.... oe wees 0.1, 0.07 <0.1, 0.2 Fa 
Carpenter 20..... bs 0.06, 0.06 <0.1, <0.1 5 
Ni-O-Nel. . 6 re ; 0.04, 0.04 <0.1, <0.1 i 
316 ; ee a6 ‘ 0.05, 0.04 0.1, <0.1 i 
Inconel... . — ; | 0.1, 0.1 | 0.2, <0.1, 1 “4 
K-Monel | | 1 i 
Monel.... FS 2,3 4 
Nickel 2:12 2:3 } 
ABO. 2 1 0.9 me ; 
Admiralty (Sb). 3, 2 2, 2 + 
Ares... Russ 5, 6 
410 3,4,4,7 5, 4,3 b 
Al 63S-T6 1 













Ni Resist (1 15, 15 12 F 

. 5 . . 9 Ni 2 i 

Figure 5—Pressure build-up in hydrogen probes in hydrogen sulfide- a ae i7 : 
water absorption pilot plant. Mild Steel 35, 34 37, 38 

N-80 30, 36 ; : 

Welded Gr. B. 38 _ 

Cast Iron 8 





TABLE 3——Sulfide Corrosion Cracking Results in Hydrogen Sulfide- _ } Specimens in column 23 days during which operating conditions were main- 
Water Absorption Pilot Plant tained for 267 hours. Corrosion rates based on 267 hours. 
















Relative 
Cracking COUPON LOCATION2 


Susceptibility, scheduled for the pilot plant. A sulfide corrosion 
Se! 
























ALLOY Abs. Top Abs.Btm.) Filter cracking test method, described by Fraser and 
= oa EF M Treseder,' was used to evaluate the environment. A ff 
9 Ni 1 iF I . : ‘ a Fi 
8 Ni 2.0 S few specimens and a test holder are shown in Fig- 
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CORROSION MEASUREMENTS IN A HYDROGEN SULFIDE-WATER ABSORPTION PILOT PLANT 


TABLE 5—Corrosion Summary of Carbon Steel Under Inhibited Conditions in Hydrogen 10,000 


Sulfide-Water Absorption Pilot Plant 





A 
Uninhibited | Corrosion | 
Corrosion Rate 


COUPON LOCATION in MPY! 


Absorber Top 


Absorber 4th Section 


Absorber Bottom....... 





Flash Tank 





1 Uninhibited corrosion rates estimated from Figure 3. 


loys used in the plant test were stressed to 120,000 
si nominal outer fiber stress. Table 3 summarizes 
ihe cracking test results. This is a high stress chosen 
so all alloys would be uniformly strained and so as 
o ensure cracking of susceptible alloys. 

Based on these results the environment might be 
haracterized in terms of an S, value of about 9.0. In 
reneral, alloys of higher susceptibility failed (S, 
elow 9.0) while alloys of less susceptibility (S. 
bove 9.0) survived. 


Alloy Corrosion 

Corrosion test specimens of various alloys also 
were installed in the absorber top and bottom sec- 
tions to determine the best metals from a weight loss 
standpoint for this environment. The results of these 
tests are shown in Table 4. All specimens exhibited 
general surface roughening, so the maximum pene- 
tration rate was about twice the indicated corrosion 
rate. 

The seven alloys at the top of the list experienced 
general corrosion rates of less than one mil per year. 
Three of these seven, namely stainless steel Type 304, 
Inconel, and K-Monel, also .were tested and found 
resistant to sulfide corrosion cracking as previously 
shown in Table 3. Fraser and Treseder? previously 
found in laboratory tests that austenitic stainless 
steels, Monel, K-Monel, and Stellite were resistant 
to this type of failure, but that precipitation-harden- 
ing and heat-treatable grades of stainless steels were 
susceptible to cracking. 


Hydrogen Probes 

A hydrogen probe was mounted in the absorber 
bottom and at the liquid level in the degasifying 
drum. These probes were installed to measure the 
hydrogen penetration rate during the test period.* 
Figure 5 shows the probe pressure build-up experi- 
enced during 18 operating days. The rate of pressure 
increase was approximately one pound per square 
inch daily in the absorber probe during the last nine 
days of the test. In the degasifying drum the probe 
pressure was about three pounds per square inch 
daily during the last eight days of plant operation. 
When compared to pressure build-up of about 23 
psig daily during the first five days, and about 10 
psig daily during the second five-day period, it is in- 
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Figure 6—Inhibited and uninhibited carbon 
steel corrosion rates in hydrogen sulfide-water 
absorption pilot plant. 


dicative of a decline in the corrosion causing hydro- 
gen penetration. 

This agrees with declining corrosion rates re- 
ported for the carbon steel weight loss coupons. 


Inhibition 

Laboratory experiments by Shell Development 
Company indicated three inhibitors which might re- 
duce corrosion in this environment. Therefore, two 
short periods were devoted to obtaining corrosion 
measurements under inhibited conditions. Two or- 
ganic film forming inhibitors were tested at a con- 
centration of about 0.1 percent by volume. 

A summary of these results is shown in Table 5. 
Inhibitor A, a water dispersable, amine type inhibitor, 
was more effective in each exposure point than B, a water 
soluble, oil insoluble, imidazoline type inhibitor. In 
addition, all coupons exposed while testing inhibitor 
3 were blistered, whereas no coupon exposed during 
inhibitor A test became blistered. Figure 6 shows 
carbon steel corrosion rates in the absorber bottom 
for the uninhibited condition and while using inhibi- 
tor A. 

A few sulfide corrosion cracking coupons were ex- 
posed in the pilot plant filter under both inhibited 
and uninhibited conditions. Table 6 summarizes these 
results and indicates that inhibitor A also is effective 
in reducing the severity of the environment from a 
cracking standpoint. Although the exposure time of 
the cracking tests was much shorter during the in- 
hibitor runs, laboratory experience has shown with 
few exceptions that test specimens which fail do so 
within a few days.’ 

Neither inhibitor tended to promote foaming ; how- 
ever, inhibitor B tended to slightly reduce the ab- 
sorption of hydrogen sulfide in water. 


Pilot Plant Failures 


During the pilot plant operation a Bourden tube 
and several relief and pump valve springs failed 
through brittleness. Inasmuch as these items were 
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TABLE 6—Sulfide Corrosion Cracking Results in Hydrogen Sulfide- of others, the following provisions might be considered 
Water Absorption Pilot Plant Under a for corrosion control in a commercial plant: 


COUPON LOCATION* 


iciaiiiig 1. Pump parts should be highly resistant to this 
Senmoete Uninhibited I aeiaaaie environment since velocity effects will tend 


bility Abs. Abs. tor A to remove any corrosion products formed. 
ALLOY s Top’ | Btm:! | Filter? | Filter’ any on product me 


SAE 4340 : 2. ., F M 


12 Cr. Wrought r 
9 Cr. 1 Mo 5.5 . M, M 


304 


: Pr, 2 
Welded Carbon Steel s, §& 
; Ss 


Ss 


Firebox Plate Steel ASTM 
285, Gr. C > Boe 


*Code to letters is as follows: 


S—Survived, F—Failed, M—Missing, assumed failed. Exposure time in 


operating hours !'—267 hours, ?—-142 hours, 3—33 hours. 


made of hard materials, susceptible to sulfide corro- 
sion cracking, and highly stressed in the test, failure 


was not unexpected. 


Conclusions 


The conclusions drawn from these tests are: 


B 


Uninhibited corrosion rates of carbon 
steel, though initially high, are apparently 
stifled rapidly by formation of a heavy 
layer of iron sulfide in the absorber and 
rich solution line. Similar protection is de- 
veloped in the flash drum, but at a slower 
rate. 


. Hydrogen blistering, as observed on nu- 


merous carbon steel coupons and as indi- 
cated by pressure build-up on two hydro- 
gen probes, can occur in this environment. 
Killed carbon steel could be used in ves- 
sels and piping to reduce the suscepti- 
bility to attack of this type. 


. Sulfide corrosion cracking is a potential 


problem in this environment. Materials 
should be chosen which have low suscep- 
tibility to cracking and all vessels and 
welds should be stress relieved. Use of 
an inhibitor is indicated. 


. Inhibition with inhibitor A appears very 


attractive inasmuch as weight loss corro- 
sion, hydrogen blistering and sulfide cor- 
rosion cracking were all reduced when the 
absorption water contained 0.1 percent by 
volume of this inhibitor. 


. Inasmuch as these conclusions on inhibi- 


tion are based on short term tests, they 
may not be completely reliable. The sta- 
bility of the iron sulfide film under inhib- 
ited conditions would have to be deter- 
mined. The effect of iron-iron sulfide cou- 
ples also would require study. Likewise, it 
would be necessary to observe the influ- 
ence of chloride concentration in the ab- 
sorption water on various forms of corro- 
sion damage. 


Proposed Corrosion Control Methods 


As a result of these tests, together with experiences 
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— ———|—__—_ Stainless steel Type 304 or 316 should be 


satisfactory for service in pump casings, im- 
pellers, and shafts. Stellite No. 1 over 316 
should be satisfactory for shaft sleeves and 
casing rings. K-Monel should be suitable for 
impeller rings. Mechanical seal parts, such 
as the rotating elements, locks, and glands, 
could be made of 316. Inserts could be car- 
bon with K-Monel springs. Valve trim, ther- 
mometer wells, and orifice plates should be 
of a corrosion resistant material such as 316. 
Pressure gauge Bourdon tubes used in this 
service should be of K-Monel. Relief valve 
springs should be K-Monel or possibly 
aluminized spring steel which was not tested 
in the pilot plant. 


. From the standpoint of atmospheric corro- 
sion by intermittent exposure to low con- 
centrations of hydrogen sulfide and sulfur 
dioxide around a plant of this type, poten- 
tiometer cases should be airtight and pro- 
vided for air purging to protect copper con- 
tacts and wiring. Hermetically sealing of 
arcing relays and oil immersion of slide 
wires could provide protection from atmos- 
pheric corrosion as well as providing safety 
features. Motor controllers should be oil im- 
mersed for the same reasons. The electric 
power distribution board should be located 
remotely to the gas processing area and 
would require protective lacquer or grease 
coatings on all copper components to reduce 
atmospheric corrosion. 

Aluminum conduit and instrument tubing 
would provide corrosion resistance to this 
atmosphere. Aluminum building trim and 
fencing could be used for the same purpose. 
Sheet aluminum or asbestos-cement sheet 
buildings would provide long term service 
in this environment. 
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The Effect of Dissolved Oxygen on Corrosion of Steel 
And on Current Required for Cathodic Protection” 


By E. SCHASCHL and G. A. MARSH 


Introduction 

ISSOLVED OXYGEN is properly recognized 

as an important factor in the corrosion of steel. 
As a result of its function as an effective cathodic 
lepolarizer, it controls the corrosion rate of steel in 
iqueous solutions. The relationship between dissolved 
xygen concentration and corrosion rate frequently 
ias been considered as linear in the range below 7 or 
2 ppm.” 2, 3, 4 

The effect of dissolved oxygen has been given 
some attention in connection with cathodic protec- 
‘ion current density requirement. Thompson® ob- 
served that the degree of protection was proportional 
\o the amount of current supplied, and Clement and 
Walker® pointed out that protective current density 
requirement increased with increasing dissolved oxy- 
gen concentration. Sudrabin’ reported that protec- 
tive current density varied directly with dissolved 
oxygen concentration and was independent of the 
pH and electrolyte composition in the neutral range. 
Comeaux® considered that all of the current supplied 
for cathodic protection of certain buried structures 
reduced dissolved oxygen. He was able to compute a 
thickness for the diffusion layer associated with 
transfer of oxygen through the soil. 

The present work was undertaken to provide quan- 
titative information on the relationship between dis- 
solved oxygen concentration, corrosion rate, elec- 
trode potential, and minimum current required for 
cathodic protection. The systems studied were steel 
in synthetic laboratory electrolytes. It was felt that 
the data would be more readily interpreted in this 
way than if complex natural systems were used. 


Measurement of Corrosion Rates 

Corrosion tests were all of short duration, one to 
several days. Instead of coupons, temperature com- 
pensated steel corrosion probes were used (Figure 
1), as described in previous communications from 
these laboratories.* *° *! This probe technique per- 
mitted direct reading of the corrosion loss while the 
test specimen (probe) was installed in the corrosive 
environment. The corrosion rates so obtained were 
computed in units of microinches (millionths of an 
inch) loss of thickness per hour. One microinch per 
hour equals 0.00875 inch penetration per year. 

The use of these test specimens or probes has the 
advantage that one can make direct observation of 
corrosion rate while corrosion is in progress without 
interrupting the test. As in any test using small 
specimens, the corrosion rates observed may not be 
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Abstract 


The interrelationship of corrosion rate of steel, dis- 
solved oxygen concentration, agitation, electrode po- 
tential, and cathodic protection current density were 
studied under controlled laboratory conditions. While 
the corrosion rate of steel is essentially linear with 
amount of dissolved oxygen, the rate appears to fall 
almost to zero near 1.0 ppm dissolved oxygen rather 
than at zero ppm dissolved oxygen as commonly 
assumed. In the region below 2 ppm dissolved oxy- 
gen, there is almost no effect of agitation on corro- 
sion rate; above 2 ppm there is a large effect. By 
measuring the corrosion rate of an unprotected 
specimen, it should be possible to compute the mini- 
mum current density needed for cathodic protection 
in the field. 

In acidic environments, less current is needed for 
protection than is predicted by analysis of the 
mechanism of cathodic protection. This fact suggests 
that the anodic reaction in low pH corrosion pro- 
ceeds by the removal of “chunks” of metal which 
contain several atoms. The “chunk effect” also ap- 
pears to operate in the neutral range, but only when 
the corrosion rate is very high. 

The effect of differential aeration on 
rates is discussed in detail. 


corrosion 


5.2.4 


identical to those of large structures in the same 
environment. However, the use of probes leads to a 
self consistent set of data which should be generally 
applicable. 

The particular probes used were 3 x 0.125 x 0.001 
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Figure 1—Temperature compensated probe. 


Figure 2—Experimental setup. 
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Figure 3—Bubbler used to maintain constant 
degree of aeration. 


inch cold rolled steel. They were pretreated by 
momentary immersion in dilute hydrochloric acid 
followed by thorough rinsing in water, just prior to 
use in the experiments. Readings were made with an 
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AC bridge type corrosion meter® as often as needed 
to establish the corrosion rate. 


In a typical experiment, six probes were held on a 
plastic plate equidistant from a carbon rod anode. 
The probes and anode were immersed in a glass bat- 
tery jar 12 inches in diameter by 12 inches high (see 
Figure 2.) A saturated calomel half cell also was 
inserted through the plastic plate, close to the 
probes. By means of a dry cell and resistors, current 
could be passed through each probe independently ; 
this current could be adjusted over wide limits and 
measured using a vacuum tube voltmeter. The 
vacuum tube voltmeter also was used to determine 
the electrode potential of the probes referred to the 
calomel half cell. This assembly permitted the simul- 
taneous measurement of electrode potential, corro- 
sion loss of thickness, and cathodic protection cur- 
rent density. 


Measurement of Dissolved Oxygen and pH 

Rapid measurements of dissolved oxygen con- 
centration were made amperometrically by means oj 
a calibrated rotating platinum electrode.’* In solu- 
tions of low conductivity, solid sodium chloride was 
added. The accuracy of dissolved oxygen determina- 
tions was about +5 percent, using the Winkler test 
as a standard. 

The dissolved oxygen concentration was controlled 
by the use of bubblers as shown in Figure 3. Air 
and nitrogen of constant ratio were passed through 
the bubblers to maintain a steady dissolved oxygen 
concentration. With this system the dissolved 
oxygen concentration could be adjusted from the 
value in equilibrium with air at atmospheric pres- 
sure down to about 1.5 ppm. The design of the bub- 
blers also minimized agitation; the measured ve- 
locity of particles in the tanks was less than 0.2 inch 
per second. Where desired, a greater degree of agita- 
tion could be provided. Also, the range below 1.5 
ppm dissolved oxygen could be explored by using a 
closed system. 

All electrolytes used were buffered by standard 
methods. The use of phosphate buffer was avoided 
because of its action as a corrosion inhibitor.’* The 
pH of the electrolytes was measured using a glass 
electrode pH meter. The principal electrolyte used 
was 3 percent sodium chloride solution. 


Corrosion Rate as a Function of Dissolved 
Oxygen Concentration 

Figures 4 and 5 show data obtained on the effect 
of dissolved oxygen on corrosion rate. The solutions 
used were 3 percent NaCl buffered to various pH 
values. The temperature in each case was 80 F. The 
data of Figure 4 are for essentially static solutions, 
while those of Figure 5 are for solutions agitated to 
provide a velocity of about 5 feet per second. 

The data of Figures 4 and 5 do not fall on a 
smooth curve. The deviation from the average was 
most pronounced in the pH 8.3 solutions having low 
corrosion rates. The higher the corrosion rate, the 
more reproducible were the corrosion rate data. As 
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THE EFFECT OF DISSOLVED OXYGEN ON CORROSION OF STEEL 


No Buffer 
pH 5.0 
pH 5.6 
pH 6.0 
pH 6.4 









































DISSOLVED OXYGEN, ppm. 


Figure 4—Corrosion rate of steel as a function of dissolved oxygen 
concentration (static solutions). 


he acidity increased the reproducibility also in- 
reased; in dilute acid solutions it was found that 
he corrosion rates as measured with probes were 
reproducible within 5 percent. 

Figure 4 shows that by increasing the dissolved 
xygen concentration from 1.5 to 7 ppm, the corro- 
ion rate was increased from about 0 to about 2 
microinches per hour (0.0175 inch per year). This 
rate Was attained in solutions of pH 6.4 and higher. 
There was no significant effect of pH between 6.4 
ind 8.3. Also, in this pH range, the corrosion rate 
became very small below 1.5 ppm dissolved oxygen. 

At pH 5, however, the accelerating effect of dis- 
solved oxygen was even more pronounced as shown 
on Figure 4. There was an abrupt change in mecha- 
nism of the cathodic reaction, probably at about pH 
5.5. At any given dissolved oxygen concentration the 
corrosion rate at pH 5 was three or four times the 
rate at pH 6 and higher. 

Figure 5 shows quantitatively the importance of 
agitation in aerated solutions. In the agitated solu- 
tion of pH_ 5, the corrosion rate increased from 3 to 
16 microinches per hour with a 4 ppm increase in 
dissolved oxygen. In solutions of other pH the effect 
was equally spectacular. At pH 8.3, for example, 
the agitated solution containing 2 ppm dissolved 
oxygen yielded a low corrosion rate of a few tenths 
of a microinch per hour; when the dissolved oxygen 
concentration was tripled, the corrosion rate in- 
creased more than 50 fold. 

It is interesting to note that corrosion rates of 17 
microinches per hour (0.15 inch per year) and per- 
haps higher, can be attained in aerated neutral solu- 
tions, with moderate agitation. 

Another important feature of these data is that 
agitation has little or no effect on corrosion rate if 
the dissolved oxygen concentration is less than about 
2 ppm. Agitation has a direct effect on diffusion. 
These facts suggest that a minimum oxygen con- 
centration of 1-1.5 ppm is necessary at the cathode 
surface before the oxygen can be chemically reduced. 


Cox and Roetheli® reported linearity between cor- 
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Figure 5—Corrosion rate of steel as a function of dissolved oxygen 
concentration (agitated solutions). 


rosion rate and dissolved oxygen concentration be- 


low 5.5 ce per liter (7 ppm). However, they did not 
carry out experiments in the region below 4 ppm but 
merely extrapolated back to the origin. Their actual 
data points for a static solution fall close to the 
curve shown in Figure 4. Speller and Kendall* also 
considered that the corrosion rate was linear down 
to zero concentration and showed long term data 
obtained in water pipes. Their extrapolated curve 
indicates a substantial corrosion rate in the region 
below 1 ppm oxygen, which the authors of this paper 
have not observed. 


Effect of Conductivity 

The data of Figures 4 and 5 are for 3 percent NaCl 
solutions. A large number of additional data were 
obtained under static conditions with distilled water 
buffered to various pH values between 6 and 8.3, 
and with other dilute NaCl solutions similarly buff- 
ered. Dissolved oxygen was maintained at various 
levels from 1.5 to 6.5 ppm. The data clustered around 
the same curve as that of Figure 5. The indications 
were that the mechanism of corrosion started to 
change from cathodic control to resistance control 
at a conductivity of about 0.1 reciprocal ohm meter. 
This conductivity was attained with neutral dissolved 
solids of the order of 100 ppm. In solutions of greater 
dissolved solids content, the corrosion rate was en- 
tirely dependent on dissolved oxygen concentration 
rather than pH or conductivity. 


Effect of Dissolved Oxygen on Minimum Current 
Required for Cathodic Protection 

Figure 6 presents smooth curves depicting the 
minimum current needed as a function of dissolved 
oxygen concentration. As Sudrabin’ has pointed out, 
minimum current is essentially linear with dissolved 
oxygen. However, the minimum current drops to 0 
near 1 ppm, rather than at 0 ppm. ‘ 

Figure 6 illustrates the extreme range of protective 
currents in aqueous solutions—150 ma/sq ft may be 
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Figure 6—Minimum current needed to protect 
steel in aqueous solutions of various pH and 
degrees of agitation. 


needed to protect steel in agitated, aerated neutral 
water. Even in a static system, a protective current 
of 30 ma/sq ft may be needed if dissolved oxygen is 
maintained at a 6 ppm level. The fact is that much 
lower current densities are often sufficient in prac- 
tice. This is explained by the difficulty of maintain- 
ing a high degree of aeration in most natural en- 
vironments. Also, as shown by Sudrabin and Marks,"* 
a film or deposit of calcium or magnesium salts can 
decrease the minimum current to a low value. 


Relationship Between Minimum Current Density 

and Corrosion Rate 

According to Sudrabin and Marks’ analysis," 
based on an electrical analogy of Pearson,'® a con- 
sistent proportionality between corrosion rate and 
protective current does not exist. Schwerdtfeger and 
McDorman,'’* however, concluded from electrolytic 
measurements that there is a relatively fixed rela- 
tionship between corrosion rate of steel in soils and 
the current required for cathodic protection. Denison 
and Romanoff'? also observed a correspondence be- 
tween corrosion current (which is proportional to 
corrosion rate) and protective current density. 
Holler'® showed that corrosion current can be re- 
lated to cathodic protection current if cathodic polar- 
ization data are known. 

The technique used in making the studies reported 
here proved to be a convenient method for establish- 
ing if there is a correlation between minimum current 
density and corrosion rate. The procedure was to 
allow a probe to corrode in an environment main- 
tained as constant as possible. After a corrosion 
rate had been established, measured current was 
applied and the minimum current achieving full 
protection was noted. As a check, the current could 
be interrupted. This would restore the corrosion rate, 
which in the authors’ solutions was usually identical 
to the original rate. 

Figure 7 shows the results of this study. With a 
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Figure 7—Relationship between corrosion rate without protection and 
minimum current density needed for cathodic protection. 


few exceptions, which will be discussed, the data 
points fall near a straight line. This straight line 
defines the theoretical corrosion current (i.e., the 
current which flows in the local cells in accordance 
with Faraday’s Law). 

Examination of Figure 7 led to the conclusion 
that in solutions of pH 6-8.3, the minimum current 
needed for cathodic protection is approximately equal 
to the corrosion current. This relationship is not 
significantly affected by pH between 6 and 8.3, nor 
by dissolved oxygen concentration, conductivity, or 
agitation, up to a corrosion rate of 6 microinches per 
hour. 

The data can be tabulated in a form suitable for 
studying the minimum protective current/corrosion 
current ratio (I,/io). The corrosion current i, for 
any corrosion rate U can be obtained from the re- 
lationship: 


-17.8U (1) 


where i, is in ma/sq ft and U is in microinches pene- 
tration of steel per hour. 

Table 1 tabulates I,/i, for the data of this paper 
and also for a number of other data given in the 
literature.'® '*. 1% 20.21.22 The most consistent data were 
from the long term tests of Schwerdtfeger and Mc- 
Dorman,'® where I,/i, was about 1.15. The average 
value of I,/ip for the present paper (pH 8.3 runs) 
was 1.12, although there was considerable scatter of 
the data. The deviation from the average was most 
pronounced at very low corrosion rates where re- 
producibility was poorest. In the pH 6-7 runs, the 
average I,/i, was 1.36. From polarization data alone, 
Holler'® found an I,/i, ratio of 1.33. 

The variations in I,/i, as seen in Table 1 for pH 
6-8.3 data are believed to be due to experimental 
difficulties in obtaining U and I,, rather than due to 
inherent inconstancy of the ratio. 

It is evident that, in the neutral pH range where 
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TABLE 1—Ratio of |,/i, Calculated From Various Literature Sources 
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| Corrosion) Current 
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Figure 8—Analysis of concept of minimum 
current density. 
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Pourbaix!® | N HaSO«, pH0.83| 252 | 285 


Chis paper 





| 3% NaCl, pH 8.3 | j 157 | 0.80 

| (both solutions | 
| highly agitated, 
|} 6.6 ppm D.O.) 





dissolved oxygen is the controlling factor in corro- 
sion of steel, the corrosion rate can be approximated 
by the relationship: 


—— Ip — aum « I, 
U=12x 178 > 24 (2) 


where U is corrosion rate without cathodic protec- 
tion, in microinches per hour, and I, is minimum 
cathodic protection current in ma/sq ft. This holds 
up to a corrosion rate of 6 microinches per hour 
(0.053 inch per year). 

Equation 2 can be useful in approximating the 
corrosion rate of steel in neutral systems such as 
water or soils. A device has been built in these lab- 
oratories which makes use of Equation 2 to obtain 
a rapid approximation of corrosion rate in neutral 
solutions under cathodic control. In operation, in- 
creasing cathodic current is applied to a steel elec- 
trode until its electrode potential indicates that the 
minimum current for cathodic protection has been 
obtained. The applied current is then noted and con- 
verted to corrosion rate. The factor 1.2, which is the 


*S. & McD. give calculated io and 
Ip derived from polarization 
data. The values of Ip/io shown 
here were calculated from their 
experimental weight loss data. 


Data for corrosion rate and min. 
|} current are approximate. 


; | Corrosion rates obtained from 
| 500 ppm NaCl | 21 | f 2.6 | colorimetric data. 
| Ip/io obtained from polarization 


| | data for Fe/Fe304 couple. 


| 3% NaCl, pH 6.4 | of 166 | 0.53 These data were reproducible 
within 10%. 


electrode area, are taken into ac- 
count so that the meter face reads 
directly in corrosion rate. 


Minimum Current Density 


The minimum current density 
has been interpreted as the current 
which polarizes the local cathodes 
to the open circuit potential of the 
anodes. It would appear that I, 
must at least equal i,. The reason 
for this is seen in Figure 8. The 
cathodic area C during normal cor- 
rosion receives current i, from the 
anodic area A. If an_ external 
anode A’ is substituted for A, it 
must supply at least the same cur- 
rent as A normally supplies, be- 
fore the current from A can be 
completely suppressed. Any less 
current than i, from A’ will per- 
mit some current to flow from A, as C has no way 
of knowing where the current is coming from. More 
current may be required than i, to suppress the cur- 
rent from A, if C does not polarize uniformly with 
cathodic current. As a matter of fact, Mears** states 
that cases are known where I, is 100 times ig. 


From the above analysis, I, should be equal to or 
greater than ip. Examination of the data (Table 1) 
however, reveals that the ratio I,/i, actually can be 
less than unity. In pH 8.3 runs, a few low corrosion 
rate experiments were found in which this occurred ; 
however, these were the first runs made and it is 
likely that deviation from unity was experimental 
error. Later experiments at high agitation and high 
dissolved oxygen showed that I,/i, actually fell be- 
low unity at corrosion rates above 6 microinches per 
hour. 

In the pH 5 runs, too, the average I,/i, ratio was 
only 0.67, and not one run was made in which the 
ratio was unity or greater. Pourbaix’® gave data at 
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pH 8; Dissolved Oo, 2.2 ppm 
Freely Corroding Rate, 0.42 pin/br. 
Minimum C.D., Il ma/sq. ft. 


= 


half cell 





sot'd calomel 
CORROSION RATE, pin/hr. 


ELECTRODE POTENTIAL, 


volts vs. 























5 20 30 
APPLIED CURRENT DENSITY, ma/sq. ft. 


Figure 9—Relationship between Britton curve and the corrosion rate— 
applied current curve. 


pH 0.83 which calculates out to an I,/i, ratio of 
only 0.06. 

Below pH 5.5, the mechanism of corrosion changes 
primarily from oxygen control to hydrogen control. 
The data indicate that this change in cathode mecha- 
nism is accompanied by a fundamental change in the 
anode process. A possible explanation of the data is 
that, below pH 5.5, corrosion proceeds by the re- 
moval of “chunks” of iron rather than by removal 
of one atom at a time. The chunks may consist of 
several atoms which have been loosened from the 
parent metal by undermining. In this way the corro- 
sion rate is higher than the equivalent corrosion cur- 
rent. The same phenomenon may occur at high cor- 
rosion rates in solutions of pH 6-8.3. 


Relationship Between Electrode Potential, Current 
Density, and Corrosion Rate 

The experimental technique permitted measure- 
ments of all of these variables simultaneously on the 
same piece of steel. (Strictly speaking, corrosion rate 
was obtained over a time interval of at least one half 
hour.) The electrode potential of freely corroding 
steel probes varied from —0.45 to 
a saturated calomel half cell. Figure 9 shows a typical 
plot of electrode potential (“Britton curve’) and 
corrosion rate as a function of applied current 
density. 


0.68 volt versus 


The electrode potential was practically constant 
until a current near the minimum protective current 
was applied. At higher current densities, the elec- 
trode potential was linear with the log of current 
density. According to Evans, Bannister, and Britton,” 
the break in the curve corresponds to minimum cur- 
rent density. The authors of the present paper found, 
as did Kehn and Wilhelm,” that protection occurred 
at a higher current density than indicated by the 
Britton curve (in the example shown this was 11 
ma/sq ft versus 9 ma/sq ft). The current density at 
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the point of protection corresponds to a potential of 
—0.77 volt versus saturated calomel. 


It will be noted that there is an equally sharp 
break in both the Britton curve and the corrosion 
rate-potential curve. While the corrosion rate is 
shown on Figure 9 as zero once the minimum pro- 
tective current is reached, there is a very slight 
corrosion rate which persists even at high protective 
currents. 

In obtaining data for this paper, it was found that 
potential measurements were more difficult to make 
with certainty than corrosion measurements. For 
this reason, it is believed that where applicable, a 
more accurate approach to cathodic protection might 
be to measure the freely corroding rate and to calcu- 
late the applied current from Equation 2. Assurance 
would be needed that the corrosion rate of the meas- 
ured corrosion specimen was approximately that of 
the structure to be protected. The best method woul! 
be to use thick probes which could be installed anid 
left in place for long periods. 

A possible experimental arrangement is shown in 
Figure 10. A probe is buried near the structure to 
be protected. Initial probe readings with the probe 
and structure unprotected serve as the basis for ap 
plying current, using Equation 2. This Equation 2 
current density is applied to both the probe and 
structure. Meters M, and M, show the current. 

After a period of time, the probe reading is again 
taken, to see if the applied current has been sufficient 
to protect the probe. If this current has not been 
sufficient, suitable current increase can then be made 
on both probe and structure. On the other hand, the 
probe may be completely protected or even over- 
protected; this is the more likely possibility. Over- 
protection may be due to so-called polarization or 
the formation of deposits on the metal surface dur- 
ing the time current was being supplied. The proper 
current for protection can now be found by inter- 
rupting the current to the probe and again obtaining 
the freely corroding rate. This new rate now becomes 
the basis for applying Equation 2 current to the 
structure. Using this method, it may be possible to 
apply proper current to the structure without making 
potential measurements or soil surveys. The effect, 
however, of long cell action or bacterial depolariza- 
tion probably would not be detected. 


Differential Aeration 

Comeaux® suggested that diffusion of oxygen 
through soil could set up differential aeration cells 
between the top and bottom of a buried pipe. To 
study this possibility and also to study the effect 
of differential aeration in general, additional experi- 
ments were carried out. A vessel 12 inches in diam- 
eter by 12 inches deep was set up as shown in 
Figure 11, using sand as a porous medium. One 
series of probes were spaced vertically in the vessel 
to measure the normal corrosion rate at the various 
levels. Another series of probes were spaced at the 
same levels as the probes of the first series, but were 
electrically connected together. The experiment was 
similar to the well known piling experiments of 
Humble, Larabee, and LaQue.** The use of probes 
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Anode 


Figure 10—Apparatus to check corrosion rate 
and current density of a buried structure. 


ermitted continuous measurements to be made, so 
hat effects of differential aeration could be observed 
ver short periods of time. 

The vessel was filled with sand after the probes 
vere in place. This effected a sharp boundary be- 
iween aerated and deaerated electrolyte in the test 
essel. By means of drains and immersed tubes, it 
vas possible to change the degree of aeration from 
top to bottom either gradually or abruptly, as de- 
sired. The oxygen content at various levels also could 
be measured if desired by extracting a small sample. 

When a 3 percent NaCl solution was circulated 
uniformly through the sand by percolation, the cor- 
rosion rate was uniform on the two vertical series of 
probes. There was no appreciable difference in corro- 
sion rate from top to bottom, nor from connected to 
unconnected probes. The corrosion rates, of course, 
were dependent on dissolved oxygen content in the 
circulating solution. In pH 8 solution, containing 1.5 
ppm dissolved oxygen, the corrosion rate was 0.3 
microinch per hour. In a pH 8 solution containing 
6.5 ppm dissolved oxygen, the rate was 4 micro- 
inches per hour. 


Oxygen Diffusion Through Sand 


The next experiment was designed to test oxygen 
diffusion through the sand. The test involved sand 
saturated with a static, initially aerated solution 
containing 0.5 ppm dissolved oxygen. The system 
was open to the atmosphere. The unconnected probes 
started corroding at 3 microinches per hour and 
dropped in corrosion rate until after four days the 
rates (microinch per hour) were, from top probe to 
bottom, 0, 0, 0.02, 0.04. The connected probes simi- 
larly dropped to 0, 0, 0.03, 0.02. The bulk dissolved 
oxygen concentration at the bottom at this time was 
3 ppm. 

If there was rapid diffusion of oxygen from the 
air interface down through the water-saturated sand, 
the corrosion rate of the uppermost unconnected 
probe would have remained at about 3 microinches 
per hour. The sand presented an effective diffusion 
barrier. 

Using Fick’s Law, it may be shown that the steady 
state corrosion, rate of steel, U, in microinches per 
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Connected Series 
Unconnected Series 


Glass Wool 
Filter 


Figure 11—Apparatus used to test differential 
aeration. 


hour can be related to dissolved oxygen concentra- 


; ; Ac 
tion gradient “~ 
3 c 


the expression: 


-in the units of ppm per inch, by 


U=12.4x 10" - (3) 

In the case of steel in an air-saturated static 
aqueous solution (say 3 percent NaCl), Ac is ap- 
parently about 5 ppm (i.e., 6.5-1.5). According to 
Hickling,”® d in such a case is 0.012 inch. From this, 
U=2 microinches per hour, which is in agreement 
with the data of Figure 4. This is a steady state 
diffusion process. 

In the case of steel in a 1.5 ppm dissolved oxygen 
solution in contact with sand, where the steel is 
located in the position of the uppermost unconnected 
probe, Ac is again 5 ppm, but the diffusion layer d 
is difficult to picture physically. An unsteady state 
exists, so that Equation 3 is not applicable. For 
example, taking d as the distance from probe to air 
interface, and allowing a factor for tortuosity which 
affects diffusion through the sand, U turns out to 
be 0.03 microinch per hour by Equation 3. The long 
term corrosion rate is actually 0.18 microinch per 
hour under these conditions. There does not seem 
to be a rigorous theoretical approach to determining 
corrosion rate by oxygen diffusion through porous 
media at this time. However, it is expected that 
future research will change this picture. 


Saturation of Sand With Brine 


Another experiment was carried out in which the 
sand surrounding the upper three probes of each 
series was saturated with brine containing 6.5 ppm 
dissolved oxygen. The sand surrounding the bottom 
probe of each series was saturated with brine con- 
taining only 1.5 ppm dissolved oxygen. The brine 
was static. In the unconnected series, the upper 
probes initially corroded at 3 microinches per hour; 
the bottom probe corroded at a very low rate. In 
the connected series, the upper probes corroded 
initially at 1.5 microinches per hour; the bottom 
connected probe corroded slightly faster than the 
bottom unconnected probe but still at a hardly 
measurable rate. This shows that differential aera- 
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tion is only slightly operable in static conditions 
where a diffusion barrier such as sand surrounds the 
steel. This is true even when the dissolved oxygen 
concentrations at the anodic and cathodic regions are 
different by 5 ppm. 

This experiment suggests another important point: 
Ii steel is totally immersed in a medium, such as 
soil, which is water saturated (i.e. the steel is below 
the water table), the corrosion rate may be expected 
to be very low, provided there are no “long” cell 
effects or bacterial action. It can be seen that, prac- 
tically speaking, differential aeration cells do not 
operate under these conditions. 

The fact that the initial corrosion rate of the 
upper probes in this experiment was 3 microinches 
per hour instead of about 1.5 (cf. Figure 4) is un- 
expected. As the corrosion is under cathodic control 
in any case, the limiting factor should be oxygen 
transfer at the cathode, and the initial corrosion rates 
in air saturated brine would be expected to be the 
same regardless of the presence of sand. The in- 
creased corrosion rate in sand was quite reproducible, 
however. 

In another set of experiments, using the same 
setup of Figure 11, 3 percent NaCl solution of pH 
7.5 containing 6.5 ppm dissolved oxygen was used 
to saturate the sand. When this was left as a static 
system for several days, the corrosion rates on all 
probes dropped to the low values as reported above 
for a similar experiment. Now some of the NaCl 
solution was drawn from the bottom of the vessel, 
corresponding to a lowering of the water table. As 


soon as the upper probe of each series was above the 
water table, the corrosion rates changed as follows: 


Unconnected Series 
10.7 win./hr. 
0 


Connected Series 
1 2.1 win./hr. 
2 5.3 
3 4.9 0 
(Bottom) 4 a7 0 


Probe No. 
(Tc »p) 


In the connected series, the upper probe was now 
intimately associated with dissolved oxygen even 
though surrounded by sand, and it acted as a cathode 
for the connected probes below it. 

The cathodic current density going to the upper 
connected probe (when the probe was above the 
water table) was sufficient to decrease the corrosion 
rate from 10.7 microinches per hour as in the un- 
connected top probe to 2.1 microinches per hour. 
The anodic current density from the lower probes 
should have been sufficient to protect completely 
the upper probe if the anodic current was propor- 
tional to corrosion rate. It appears that the anodic 
current was appreciably less than that based on 
Faraday’s Law. This could possibly be explained by 
the “chunk effect” mentioned earlier in this paper. 

The extremely high rate on the top unconnected 
probe is especially interesting when it is recalled 
that steel corrodes at only about 1.5 microinches per 
hour in air-saturated 3 percent NaCl (Figure 4) or 
3 microinches per hour in sand saturated with 
aerated 3 percent NaCl. Drained sand is especially 
corrosive because the steel is in contact with a large 


250t 


Vol. 13 


area of thin water film which serves as a continuous 
electrolyte but which offers little barrier to transfer 
of oxygen from the air. 

The effect of differential aeration is slight in a 
static water-saturated sand even when the anode 
and cathode are exposed to widely different di 
solved oxygen concentrations. There is also a ve 
low corrosion rate in a static, air-saturated syste 
in which steel is totally immersed in a water 
saturated diffusion barrier such as sand. Drainage 
water around a buried structure plays an importa \ 
role in differential aeration. The most drastic effe 
of differential aeration seems to be in the case whe 
a structure is buried at the water table. 


Conclusions 


The corrosion rate of steel in neutral aqueous solt- 
tions is determined by the dissolved oxygen content 
available at the surface of the steel. Any factor 
affecting diffusion of oxygen will have a marke: 
effect on corrosion rate. 

While the corrosion rate of steel is essentially 
linear with dissolved oxygen, it appears to fall al- 
most to zero near 1.0 ppm instead of at zero ppm 
dissolved oxygen as commonly assumed. Therefore 
it is not necessary to deaerate completely in order 
to provide a low corrosion rate. In the region below 
2 ppm dissolved oxygen, there is almost no effect 
of agitation on corrosion rate; above 2 ppm there is 
a large effect. 

In neutral environments, the minimum current 
density needed for protection is about 20 percent 
greater than the current associated with corrosion. 
By measuring the corrosion rate of an unprotected 
specimen, it should be possible to compute the mini- 
mum current density needed for cathodic protection 
in. the field. 

In acidic environments less current is needed for 
protection than is predicted by analysis of the mecha- 
nism of cathodic protection. This fact suggests that 
the anodic reaction in low pH corrosion proceeds by 
the removal of “chunks” of metal which contain 
several atoms. The “chunk effect” also appears to 
operate in the neutral range, but only when the 
corrosion rate is very high. 

Differential aeration is shown to be an important 
factor in corrosion if a structure is buried at the 
water table. In a static, liquid-saturated porous sys- 
tem, however, there is no appreciable effect of differ- 
ential aeration even when the bulk oxygen concen- 
trations at the anodic and cathodic areas are widely 
different. 

NOTE: Some of the novel features of this paper 
are covered by patent applications in the name of 
The Pure Oil Company. 
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Sprayed Metal as a Base for Paints 


By H. S. INGHAM 


Introduction 

HERE MAY be some question as to why sprayed 

metal is referred to as a paint base when such ma- 
terial usually is sold instead of paint? It is true enough 
that sprayed metal was originally sold as a new coating 
method, and in some cases it did replace paints of 
various kinds. In many other cases it replaced the 
use of bare, uncoated steel. A review of the history 
of metallizing shows, however, that a great many 
of the metallized surfaces were actually painted, 
even though very little emphasis was given to the 
paint coatings in the early literature. 

In the last ten years the emphasis in the metalliz- 
ing industry has been placed upon combination coat- 
ings which consist of a layer of sprayed metal sealed 
or coated with organic materials such as vinyls, 
chlorinated rubbers, phenolics, and silicones. These 
coatings generally are referred to as Metallized 
System Coatings. The emphasis in such systems has 
been on the sprayed metal with the organic coatings 
usually being referred to as “sealers.” This is only 
natural inasmuch as the sprayed metal layer in most 
cases is of considerable thickness and offers the pri- 
mary protection. When the sprayed metal is 10 mils 
thick or more, such coatings offer excellent protec- 
tion against many severe corrosive environments. 
Metal coatings of these thicknesses, however, are 
relatively expensive as compaared with paint coat- 
ings. The extensive publicity given the thicker coat- 
ings has tended to push into the background the use 
of thin sprayed metal coatings as a base for paints. 

It is true that the difference between thick and 
thin metal coatings is quantitative, but there are a 
number of qualitative differences as well. Thick sprayed 
metal coatings are thought of as the primary protective 
barrier whether or not paints and organic sealers are 
used. The cost is relatively high and service require- 
ments must justify the expense. Where thin coatings 
(as thin even as 2 to 4 mils) are used as a base or 
preparation for paint, the story is quite different. 
The primary protection in this case is from the paint 
and the primary purpose of the sprayed metal is to 
enhance and prolong the properties of the paint film. 
Coatings of this kind are quite inexpensive and in 
many cases prove less costly than paint alone even 
in a few years of service. 

This paper is concerned specifically with thin 
metallized coatings of zinc and aluminum on steel 
and the effects they have on the application, appear- 
ance and performance of paints applied over them. 
[It should be pointed out at the outset that these 
metal coatings are porous, and, unlike galvanized 
s Submitted for publication November 7, 1955. A paper presented at a 


meeting of the Northeast Region, National Association of Corrosion 
Engineers, Niagara Falls, N. Y., November 2, 1955. 
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Abstract 


The use on steel of thin metallized coatings of zinc 
and aluminum is discussed in detail. A number of 
recommendations are made regarding surface prepa- 
ration. Consideration is given to the effects sprayed 


metal coatings have on the application, appearance 
and performance of the paints applied over them. 
The cause and remedies for paint failures are dis- 
cussed with particular attention paid to underground 
power plant applications. The selection of paints and 
primers for a given sprayed metal and the use of 
thinners are discussed briefly. 5.3.2 


surfaces, offer an excellent anchor for paint. In spite 
of the porosity and even when no paint is applied, 
sprayed zinc and aluminum provide long term pro- 
tection to steel. This is true for two reasons: 


1. These metals are anodic to steel and pro- 
vide cathodic protection even at small 
voids in the coating. 


. Sprayed metal coatings become less per- 
meable with time when the conditions of 
the environment favor the formation of 
insoluble salts and oxides within the 
pores. The protective life is, however, re- 
lated to the thickness, and the thickness 
to the cost. Where these thin coatings are 
painted over, the pores are filled and very 
little, if any, bare metal is exposed direct 
to the corrosive environment. 


Paint Failures 
To study the action of sprayed metal under paint, 
it is first necessary to discuss paint failures, their 
cause and remedy. This is a broad subject and will 
be restricted here to the relatively severe corrosive 
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Figure 1—Outer drive along Lake Michigan in Chicago. The unique 
retractable traffic lane curbs are made of steel and protected with a 
coating of .006 inch of zinc. This installation is 14 years old. 


conditions existent in power plant applications, and 
particularly those located underground. This would 
include applications such as subway transformer 
tanks, electrical conduit, steam lines, exhaust ducts, etc. 

Today a wide variety of very effective paint coat- 
ing material is available to choose from for severe 
applications of this kind. This is another reason why 
more emphasis must be given to paint type coatings. 
Only a few years ago the only paint protection 
offered for steel was a drying oil pigmented with red 
lead or iron oxide. The biggest problem today in 
selecting paints is the fact that there are so many 
good ones, with so many different properties, that 
it is difficult to make the best choice. 


Surface Preparation 

One of the big steps in the right direction which 
has resulted from the development of better paints 
lies in the increased attention being paid to surface 
preparation. Users have learned that good prepara- 
tion pays off in long coating life and in more com- 
plete protection. The Steel Structures Painting 
Council has prepared manuals that cover this sub- 
ject.1 Moreover, many of the new materials abso- 
lutely require more thorough preparation than did 
the old paints based on drying oils if their real ad- 
vantages are to be obtained. While there are some 
manufacturers who still claim that their product can 
be applied over rust, dirt, oil, or even to wet sur- 
faces, the author has yet to see good performance 
from such paints in a really severe environment. 

In order to evaluate the importance of surface 
preparation, consideration must be given to the man- 
ner in which the paint coatings fail. This, of course, 
varies widely, depending on the environment and 
also on the criterion used to determine failure. 


Rust Staining 


For underground applications the criterion is sel- 
dom appearance but there are, of course, many above- 
ground applications around power plants where 
appearance is important. For appearance applications 
the need for preventing rust staining is self-evident. 
If the protection of steel is the primary requirement, 
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Figure 2—Action shot of a Westinghouse ca- 

pacitor being metallized with zinc as an under- 

coat for a paint finish. These cases are for 

outside use on poles and are subject to all 
weather conditions, 


Figure 3—Surge tank floats used by a large 

midwest utility company. These objects are 

metallized with aluminum to prevent corrosion 

and also to prevent contamination of boiler 
feed water. 


no repainting ordinarily is done until some rusting 
appears. 

The paint failure which leads to rust may be the 
result of mechanical damage, crazing or general de- 
terioration of the paint itself, or it may be due to 
loss of adhesion because of inadequate surface prepa- 
ration. Paint films are not dimensionally stable; they 
undergo changes with the passing of time. Shrinkage 
of the film can lead to crazing or to pulling away of 
substantial areas. The “alligator” type of failure 
which develops with contraction of some of the coat- 
ing materials having low distensibility is a familiar 
sight. With inelastic coatings the fissures extend 
through to the steel. Strong adhesion to the base 
helps prevent this kind of failure. In wet environ- 
ments almost all paint films pass some moisture by 
absorption to'the base and in such cases rusting of 
the base occurs even though there is no fissure 
through the paint film. 

Repainting after rusting has begun can be a tricky 
and unsatisfactory business. The usual practice is to 
remove the loose paint and rust, spot-prime and then 
repaint the entire structure. This results in painting 
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Figure 4—Metallizing operation on SM trans- 

former cases at the Kuhlman Electric Com- 

pany, Bay City, Michigan. The cases are being 
sprayed with zinc. 


Figure 5—Same case shown in Figure 4 after 
assembly with the transformer inside. After 
welding, the entire exterior surface is sand 
blasted and then metallized with zinc as a 
base for a coat of paint. This transformer is 
used in connection with the “White Way” 
Street Lighting Systems and is placed inside 
the metal pole on or near the ground. At the 
left of the picture is an insulator with a steel 
stud running through its center. This stud, 
although cadmium plated, has much of the 
cadmium burned away during the welding op- 
eration, A thin layer of zinc is sprayed on to 
protect the connector against corrosion. 


over many areas where the adhesion is gone but 
where rust has not yet shown through the paint. 
Needless to say the extra paint hurries the day when 
the loose sections will fail. Often the original jobs 
last many years but spot priming and repainting 
must be done every year or two thereafter. 

Even with reasonable diligence and constant main- 
tenance, paint alone seldom provides adequate pro- 
tection to the steel. For example, bridges and steel 
structures of all types which are built with the in- 
tention of maintaining appearance throughout their 
life are over-designed with a considerable extra 
weight allowance. This is an admission that there 
will be considerable rusting even where regular 
maintenance is provided. 

Where appearance is not important, selection of 
the most resistant and durable coatings should be 
made without regard to color, texture, or general 
appearance. Also, every precaution should be taken 
to assure that the coating will “stay put.” This again 
brings to mind the subject of surface preparation. 
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Figure 6—An underground conduit in typical condition between six 
months to one year after painting, During this period rather severe 
rusting has occurred under the paint coating. 


Figure 7—The same conduit pictured in Figure 6 after metallizing with 

.005 inch of zinc and two coats of aluminum vinyl paint. An inspection 

two years after this treatment shows no visible change in the coating. 

Even when the vinyl coat finally fails after about five years, the zinc 

coating will still be there providing protection and also providing a 
base for further painting, if desired. 


Mill Scale 

The easiest surface to prepare is new steel. The 
most expensive preparation is the cleaning and chip- 
ping of badly rusted steel. New steel, however, car- 
ries mill scale and mill scale is cathodic to steel and 
will promote pitting at breaks in the scale as soon 
as moisture penetrates the paint film. Furthermore, 
mill scale is stressed in compression and the thicker 
the film the greater the stress. Mechanical and ther- 
mal stresses added to the normal compression stress 
will cause the scale to break away sooner or later. 

It might be added that mill scale provides very 
little “tooth” to promote paint adhesion. Mill scale 
can be partially removed by weathering, but can be 
better removed by flame de-scaling or sand blasting. 
While rusty steel frequently provides a good initial 
bond for paints, failures usually result from the fact 
that not all loose rust is removed, and all absorbed 
oil, moisture, and dirt not eliminated. Here also 
about the only satisfactory preparation is sand blast- 
ing or flame cleaning plus wire brushing. 

Surfaces carrying old paint are usually a difficult 
preparation problem. While thin brittle paints can be 
removed by blasting, heavier coats of soft or gummy 
paints do not yield to any method of attack without 
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quite a fight. Heating methods, solvents, paint re- 
movers and hand scraping are all used and are all 
very expensive. Flame cleaning can be used, com- 
bined with scraping operations, but this often in- 
volves a fire hazard and sometimes a health hazard 
if the paint is pigmented with lead. 

It seems to follow that the cheapest method of 
preparation is the one which can be done the cheapest 
initially and which requires the least re-doing. This 
situation can be summed up briefly as follows: 

1.Good preparation is costly but it is the 
cheapest on new steel which has not been 
painted. 


i) 


. After initial serious rusting there is no 
really inexpensive satisfactory method. 


3. The best possible initial preparation will 
greatly extend the life of the original sys- 
tem. 


4.Sand blasting is the surest method of 
completely eliminating all surface con- 
tamination. Where sand blasting can be 
used it is not necessarily a very costly op- 
eration. It costs far less than thorough 
hand scraping and wire brushing and does 
a much better job.. 


Thin Metallizing 

This again leads up to metal spraying. With a 
clean steel surface, metal spraying is an intermediate 
step which may: be considered as part of the prepa- 
ration. At this stage a thin coat of zinc or aluminum 
is quite inexpensive. One of the biggest cost factors 
for a heavy industrial metallizing coating is the grit 
blast operation required for preparation. Where thin 
coatings such as 2 to 4 mils are used, particularly for 
zinc, the requirements of the blast job are consider- 
ably reduced. In fact, a first class blast job for paint 
application is often sufficient and the zinc may be 
applied without any additional blasting costs. In 
such cases the benefit derived from the sprayed 
metal base far outweighs cost in extending the life 
of the paint coating. 

A relatively thin coating of metallized zinc or alu- 
minum provides far stronger adhesion than can be 
obtained by any other method. Such a coating effec- 
tively prevents rusting at the interface, which is the 
most common cause of paint failure. In the long run 
the main consideration is maximum protection per 
dollar. The question now arises, “What is the added 
cost of the metallized base?” For example assume 
on a painting job that sand blasting has been speci- 
fied as the best method of surface preparation. Often 
a slightly better job may be required for metallizing, 
so 1¢ to 3¢ per sq ft should be added for more 
thorough blasting. The cost of the metal, assuming 
a thickness of 3 mils of zinc, will be about 6% per 
sq ft. The spraying cost including labor and gases 
will be about 3¢ per sq ft since one man can cover 
180 to 360 sq ft per hour depending on the job and 
gun used. If aluminum is used instead of zinc the cost 
will be slightly lower for spraying because of the 
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light weight of aluminum. At the same time a slightly 
better blast job may be required so the total cost 
would be calculated at about the same as zinc. 
Summing up these figures, it is found that 10¢ or 
12¢ per sq ft has been added to the cost of the job. 
Some of the advantages gained from this expendi- 
ture can be seen from the following paragraphs. 


Discussion 

Consider an electrical conduit or perhaps a trans- 
former case in an underground chamber. Even the 
best paint systems have a relatively short life and 
rust streaks appear within a few weeks or months 
after painting. Continual touch-up is the usual thing 
unless sprayed metal is used beneath the paint. Not 
only will sprayed zinc or aluminum greatly extend 
the life between repainting, but it greatly reduces the 
problem at the time of repainting (a point which 
bears considerable emphasis.) With no rust beneath 
the coating and no loose paint, all that is required 
to prepare for repainting is to hose down the surface 
and allow it to dry. 

Figures 1-7 show some of the ways in which metal- 
lized coatings can be used. One class of application 
that bears special emphasis is steam lines, exhaust 
ducts and other hot metal surfaces. Here a thin 
coating of sprayed aluminum, followed by aluminum 
pigmented silicone paint solves the problem that 
literally has no other satisfactory solution. Silicone 
paints withstand heat and provide excellent appear- 
ance but give serious adhesion problems in many 
environments unless bonded by sprayed aluminum. 


A short discussion seems in order concerning 
areas which are not readily accessible since there are 
many situations of this kind in underground installa- 
tions. Non-accessible areas can be very expensive 
indeed. Even the proper inspection of such areas can 
be very expensive, particularly if dismantling, rig- 
ging or removing to another site must be done to 
inspect or repaint. In such cases the cost can greatly 
exceed preparation and cleaning costs. Underground 
transformer cases are a good example of this. 

Another problem that arises in this connection, 
particularly around power plants, is that it is not 
always possible to shut down the various facilities 
to allow for the maintenance work. In steam plants 
applications of this kind can be found almost end- 
lessly — piping, ducts, coal bunkers, conveyors, 
stacks, etc. In hydro stations there are draft tubes 
and turbine housings which collect condensate con- 
tinuously. 

A few words should be said here about the limita- 
tions of paint systems used over sprayed zine and 
aluminum. Paints and primers used must be com- 
patible with the sprayed metal, and some materials 
compounded for steel or galvanized zine are not 
satisfactory over a metallized base. In particular, 
sprayed zinc should never be confused with galvan- 
ized zinc. On galvanized surfaces strong acid primers 
sometimes are used which actually attack the gal- 
vanized surface and etch it. Sprayed zinc on the 
other hand offers a natural bond for paint; primers 
should be used not to etch the coating, but as in- 
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hibitors. For instance, wash coat primers containing 
phosphoric acid are frequently recommended on 
sprayed zinc for inhibitive purposes, but the acid 
content must not exceed 4 percent. Some primers 
for galvanized surfaces have acid contents up to 
about 16 percent and these would be death to sprayed 
metal. 

When painting over sprayed metal for use in damp 
environments it is generally advisable to apply an 
inhibitive primer before applying the regular pig- 
mented paint, particularly where heavy impervious 
paint coatings are used. The primer prevents the 
generation of gas on the freshly sprayed zinc or alu- 
minum coating, which might result in blistering of 
the paint. Most of the paints used on structural steel 
are compatible with sprayed aluminum. In the case of 
sprayed zinc, however, there are a number of paints 
which should not be used. Metallizing contractors 
and equipment manufacturers are in a position to 
specify the best type for each job. The question of 
whether zinc or aluminum is the best metal for the 
job is also one which will depend upon local condi- 
tions. This question also should be the subject of 
recommendations of the contractor or manufacturer. 

When applying paints direct to sprayed metal it 
frequently is advisable to thin down the first one or 
two coats so as to obtain better penetration into the 
base. At least one large metallizing contractor ad- 
vises applying one coat or two with the same paint 
unpigmented and thinned down. For the best job the 
base coat is unpigmented and diluted with three 
parts of thinner to one part of paint, and the second 
coat unpigmented and diluted one part of thinner to 
one part of paint. This is followed by full strength 
pigmented material in the desired number of coats. 
The thinned paint vehicle, however, is not a substi- 
tute for inhibitive primer which as mentioned before 
should always be used where the job is subject to 
severe moisture conditions. 


Conclusion 

The author feels that if the right metal is chosen 
and the right paint properly applied over it, there 
will be a great many applications where the best long 
term economy and the most complete protection can 
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Any discussions of this article not publishec!| above 
will appear in the June, 1957 issue. 
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be obtained where sprayed metal is used as a base 
for paints. 
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DISCUSSION 
Question by E. H. Caldwell, Oldbury Electrochem- 
ical Company, Niagara Falls, New York: 
What experience has your company had with sprayed 
aluminum paint on air washer equipment in chemical 
fume atmosphere? 


Reply by H. S. Ingham: 


None. Below pH 3.5 aluminum coated with a vinyl 
system is known to fail. We would have to depend 
on a trial application for making recommendations. 


Questions by V. J. Payton, Commonwealth Edison 
Company, Chicago, Illinois: 


1. Is carbon steel flashing advisable for thin metal 
coatings that are to be painted? 

2. Is there a paint or sealer other than silicone alu- 
minum for condensate storage tank service at 170 F? 


Replies by H. S. Ingham: 


1. No. Carbon steel flashing is of very little ad- 
vantage for thin metal coatings but gives a much 
stronger bond for thick coatings. Steel flashing ordi- 
narily is not recommended below .008 inch aluminum 
and .010 inch zine thicknesses. These coatings when 
painted are usually .003 inch to .006 inch thick. 

2. Yes. 


have been done successfully for use at elevated tem- 


A number of condensate storage tanks 


peratures with phenolic sealers manufactured by 
United Chromium Corp. However there have been 
some failures with this phenolic. Subsequent infor- 
mation indicates that the best sealers for this use 
can be obtained from Wisconsin Protective Coatings, 
Green Bay, Wisconsin. These are catalyzed phenolics 
and epon resins and are known as “Plasite.” 
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A Case History in Cooling Water Treatment* 


By C. J. HOLLAND, JR. and W. A. TANZOLA 


Introduction 


N THE PAST few years corrosion, wood deterio- 
| ration, and water-borne solids have been recog- 
ized as being among the primary problems of the 
pen-type recirculatory water cooling systems. By 
lesign, the waters of these systems have warm tem- 
eratures, high oxygen concentration, and heavy salt 
ontent. They serve as an ideal environment for cor- 
‘osion while functioning as a heat removal medium. 
Chere are of course compensating properties in some 
waters, such as scaling tendency and adverse pH, 
which act to contain the corrosion. On the other side 
{ the ledger is a growing list of water properties 
vhich have been tagged as accelerators of corrosion 
ittack, 

The case history considered in this paper describes 
the deleterious action of water-borne wood fibers and 
of circulating corrosion products, and traces the ef- 
lect of the treatment introduced to control the corro- 
sion and to eliminate the wood deterioration of the 
cooling tower. 


The Plant and Water System 


The water system under consideration is part of 
the Delhi Natural Gasoline Plant located in north- 
eastern Louisiana and operated by the Sun Oil Com- 
pany. This plant processes casinghead gas and gas 
well gas to meet transmission line specifications and 
fractionates the recovered liquefiable hydrocarbons 
into commercial products. Principal operational units 
of the plant are five 1000 horsepower compressors, 
an absorber operating at 500 psig, a reabsorber, two 
distillation columns, conventional fractionating tow- 
ers, three Wickes 160 horsepower water tube boilers, 
gas dehydrators, and a 200-ton refrigeration unit. 


Heat evolved from the various unit processes is 
removed by a typical water cooling system in which 
the water circulates at the rate of 4500 gallons per 
minute from an induced draft redwood cooling tower 
through shell and tube heat exchangers located in 
the plant operational area. From there the water 
goes back into the tower. The tower itself is com- 
posed of five induced draft sections, each designed 
for cooling a maximum water load of 1050 gallons 
per minute from 110 F to 85 F with an 80 F wet-bulb 
atmospheric condition. Ample make-up water for the 
cooling system, boilers, and plant utilities is fur- 
nished by two water wells completed in a 370 foot 
sand. Each well is capable of supplying 310 gallons 
per minute of a clear, soft water as shown by the 
analyses of Table 1. 
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Abstract 


The problems of corrosion and tower wood deterio- 
ration are commonly encountered in recirculation 
cooling water systems. At the Delhi Natural Gaso- 
lina Plant in Louisiana the concurrent presence of 
these two problems resulted in plugging of heat 
exchanger tubes and in high metal loss throughout 
the system. The corrosive potential of the water was 
aggravated by “fiber throw” in the water caused by 
serious deterioration of the tower wood. The “fiber 
throw” enmeshed with corrosion products created 
cell action which produced serious pitting and 
tuberculation. 

A program of treating the water was undertaken 
both to minimize the attack of the wood and to pre} 
vent corrosion. Effectiveness of the treating program 
was followed by corrosion studies to evaluate the 
benefits of each step taken. Initially, rather high 
treatment concentrations were necessary to keep 
corrosion under control, But as the clean-up pro- 
gram to aid in freeing the system of corrosion prod- 
ucts and fiber took effect, the corrosion load was 
reduced, which permitted good control of corrosion 
with normal treatment concentrations. 4.6.4 


Early Treatment History 


The plant began operation in May, 1948. Because 
a plentiful supply of unusually low hardness natural 
water was available, the cooling water treatment for 
the first year and a half consisted of controlling the 
cycles of concentration to approximately three, and 
maintaining a chlorine residual of .75 ppm in the 
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Figure 1—Corrosion products found in heat 
exchanger. 


TABLE 1—Characteristics of Well Water and Tower Water 


Well No. 1 | Well No. 2 Tower Basin 

Total Hardness as CaCOs.. 6 ppm 8 ppm 16 ppm 
Calcium as CaCOs 4 ppm 6 ppm 10 ppm 
Magnesium as CaCOzs 2 ppm 2 ppm 6 ppm 
Alkalinity to P as CaCOs ; 20 ppm 10 ppm 200 ppm 
Alkalinity to M as CaCOs 466 ppm 432 ppm 1350 ppm 
Sulfate as SOs ; 12 ppm 12 ppm 36 ppm 
Chloride as Cl.. 350 ppm 580 ppm 1400 ppm 
pH Value. . 8.65 8.4 8.8-9.4 


circulating water. Under these conditions the pH of 
the water ranged between 8.8 and 9.4. 

Early in 1949, inspection of the depropanizer col- 
umn reflux cooler and debutanizer reflux cooler dis- 
closed that iron oxide deposits were collecting in the 
heat exchanger heads where low water velocity 
existed. At this time it also was becoming increas- 
ingly evident that the cooling tower wood was 
deteriorating. There was a build-up of matted wood 
fibers on the filter screens of the cooling tower pump 
pit. Lath samples removed from the cooling tower at 
points of full water fall had a heavily eroded appear- 
ance. Further inspections were made in the latter 
part of 1949 and early 1950 which showed corrosion 
products to be accumulating on the baffles and 
channel box sides of the heat exchangers in the form 
of 1% inch to 1™% inches sharp, needle-like deposits 
(Figures 1 and 2). Beneath these tubercles were pits 
and large areas of active corrosion. Upon examina- 
tion, it was discovered that these deposits were often 
breaking off from their areas of formation, migrating 
through the system and, finally, either adhering to 
tube sheets or plugging the tubes. 

From these experiences in the first two years of 
operation, it was concluded that additional treatment 
of the cooling water system would be necessary to 
prevent further deterioration of the cooling water 
tower wood and to control corrosion. Both the fiber 
throw and formation of corrosion products had 
progressed at a serious rate and were causing fouling 
of the tubes and interference with heat transfer. A 
high zinc content was found in the deposits analyses, 
indicating that some attack of the admiralty tubes 
also was being experienced. 


Recommendations 
Upon the request of the plant operators, a firm of 
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Figure 2—Corrosion products in heat 
exchanger. 


consultants in water treating problems was requeste:l 
to submit recommendations for treatment of the 
cooling tower water. Upon examination they diag- 
nosed the wood deterioration as a chemical attack 
brought about by the high alkalinity. For its allevia- 
tion they proposed mineral acid feed to maintain the 
pH of the circulating water in the range of 7.1 to 7.4. 
For corrosion control they recommended the “Dia 
nodic Method” of treatment. The “Dianodic Method,” 
which has been described thoroughly elsewhere in 
the literature,’ ** employs two anodic inhibitors— 
phosphate and chromate—in controlled ratio and un- 
der controlled pH conditions to eliminate the pitting 
tendencies encountered with the separate use of 
either phosphate or chromate alone. Control of cycles 
of concentration between 3.5 and 4.0 were recom- 
mended together with a continuation of chlorination 
for slime control. 





Acid Handling Facilities 

The use of acid was not altogether new at this 
plant, but up to this period only small quantities of 
acid had been used in drum lots for boiler water 
treatment. It was felt that in the quantities now re- 
quired acid could be handled more safely and more 
economically in bulk volume. Consequently, facilities 
were installed for handling the concentrated sulfuric 
acid. The equipment consisted essentially of a bulk 
acid storage tank feeding by gravity through 1400 
feet of 2 inch standard weight steel pipe to the 80- 
gallon tank for boiler feed-water treatment and to 
the 60-gallon “day” tank for cooling tower water 
treatment. For the bulk acid storage, an unlined steel 
12,000 gallon tank was mounted on eight-foot stan- 
chions near the railroad loading rack to facilitate 
unloading the acid tank cars. From the ‘day tank” 
at the cooling tower, the acid flows by gravity to the 
tower basin where, as it enters, it mixes with a side 
stream of water over a ripple trough. 

Exclusion of water vapor from all three tanks is 
accomplished by permitting the tanks to breathe to 
the atmosphere through a container of dessicant, 
which is replaced periodically. After five years of 
use, there has been no evidence of internal corrosion 
in this steel acid-feed system. As a safety measure, 
valving on the original acid piping was arranged so 
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that no tanks or pipe section could be closed in to 
permit pressure build up. Later, however, in order to 
allow occasional inspection and cleaning of the “day” 
tanks, an additional valve was installed to close off 
the tanks from the system. Provision was made, how- 
ver, for locking the valve in the open position dur- 
ng acid feeding operation. In the event of acid 
pillage or other accident, instant-action, spray-type 
howers are available at the storage tanks, loading 
ireas, and treating points. 


Analysis of Treatment Proposal 

It was recognized that to be completely effective, 
he proposed treatment had to overcome the natural 
orrosive potential of the circulating water as well 
s to control the deleterious side-effects resulting 
rom the sloughing off cf two years of heavy accumu- 
tions of corrosion products and wood fiber. For 
ieavily corroded systems of this order, it was ex- 
ected that the length of the sloughing off period 
night be appreciable. However, since the corrosion 
‘roducts in this case had been formed in an elevated 
/H environment (i.e., pH 8&8 to 9.4), the lowering 
the pH would assist the penetrating action of the 
\olyphosphate in the dislodging and the break-up of 
he undesirable material. 

This dislodgment of the corrosion product accumu- 
ations presents a number of problems in itself. For 
me, instead of being carried out of the system in the 
blow-down stream, the water-borne material may 
tend to settle out at points of slow circulation. These 
reformed deposits have properties of density and 
porosity favorable to the establishment of electrolytic 
cell type corrosion. The very same properties make 
it difficult or impossible for treatment to penetrate 
to the metal and stifle the attack. (Figure 3 shows a 
floating head from an exchanger in another plant, 
from which corrosion product accumulation more 
than 1 inch in thickness had been removed to show 
the serious pitting and etching which had occurred 
underneath. ) 

A second problem is created when the tubercles 
break off from their areas of original formation and 
lodge in the tubes of the heat exchangers. If the 
circulating water has any scaling tendency, partial 
blockage may soon become complete due to scale 
formation around the restricting nodule. This is 
brought about by the elevated skin temperature of 
the tube surface at this point due to inadequate 
water flow. (An extreme case is shown by Figure 4, 
picturing an exchanger tube taken from another 
plant. In this instance, examination of the tube dis- 
closed that a nodule had entered and lodged part 
way in the tube. The dark layers show the initial 
scale formation that took place, which was primarily 
calcium sulfate and magnesium silicate. The core of 
the deposit consists primarily of sodium sulfate and 
sodium chloride.) The effect of such blockages on 
the cooling efficiency of the exchanger is obvious. 

In addition to the problems caused by migration 
and redeposition, the sloughing off of old corrosion 
products in the early stages of treatment exposes 
small areas of clean metal surface which become 
anodic to the adjacent corroded areas, thus promot- 
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Figure 3—Floating head from an exchanger. A corrosion product 
accumulation more than one inch in thickness was removed to show 
the serious pitting and etching which had occurred underneath. 





Figure 4—Scale formation in an exchanger tube. 


ing more cell type corrosion of the insidious pitting 
variety. 


Treating and Testing Program 

The recommended treatment was inaugurated in 
November, 1950, after the completion of the acid 
handling facilities. Initial control test limits were 
provided to maintain 70 ppm of a mixture of chro- 
mates and polyphosphates in the circulating water. 

During the early stages of treatment, the pH, 
cycles of concentration, and ratio of chromate-to- 
phosphate were adjusted as required to compensate 
for the sloughing off of old corrosion products. After 
the system had been cleaned, further tests indicated 
an optimum treatment level to be between 40 and 60 
ppm with a weight-ratio of two parts PO, to one 
part CrO,. Reversion rate is indicated by water 
analyses which show two parts “total” phosphate to 
one part of “ortho” phosphate. 

A coupon test program was instigated at the time 
of the new treatment. It was not feasible to test all 
the large variety of water conditions in such a sys- 
tem, so one by-pass line and coupon holder was con- 
structed on the main return water header line to the 
cooling tower, and another on the main cold water 
line leaving the tower. The average hot water tem- 
perature was 110 F, and the cold water temperature 
was 85 F. Coupons used were polished ™% inch x 3 
inch strips of 18 gauge, cold rolled, SAE 1010 steel. 
During each test period a series of four coupons were 
installed in each by-pass arrangement. Coupons were 
then removed one at a time during the test period in 
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order to provide coupons with increasing times of 
exposure. Corrosion attack was reported as total 
metal loss in milligrams and also as a rate of average 
penetration in mils per year. 


Initial Test Results 

The initial tests shown in Table 2 graphically 
portray the accelerated corrosion caused by the re- 
deposition of migrating corrosion products and other 
debris from the water. Deposits on these coupons 
were found to be algea, corrosion products and wood 
fibers. Under the deposits severe etching and pitting 
had occurred giving erratic metal loss figures rang- 
ing from 12 to 28 mils per year. The treatment level 
for this test period had been 70 ppm, which on labo- 
ratory test waters of the same chemical analysis had 
reduced corrosion weight loss to one-to-two mils per 
year. 

In order to halt the cumulative effect of the mi- 
grating particles and the attending cell-type corro- 
sion, the treatment level was raised to 200 ppm with 
the result that the losses dropped to an acceptable 
2.2 mils per year (Table 2). Continued treatment at 
this level for an extended period would have main- 
tained the desired protection while the existing cor- 
rosion product was being dislodged and discharged 
from the system in the blowdown. However, the 
high costs of the treatment in this instance suggested 
that additional effort be made to clean up the system. 

To demonstrate the importance of a clean-up pro- 
gram, and to show what portion of the corrosion load 
was due to the water borne solids in the circulating 
system, a home-made filter was constructed and in- 
stalled immediately ahead of the specimen test rack 
handling the hot return water to the tower. For 
comparison purposes, coupons were also installed in 
unfiltered water leaving the tower. Unfiltered water 
tested to between and fourteen 
pounds of suspended solids per 100,000 gallons cir- 
culated. Treatment levels were reduced to 100 ppm 
for this test period. From results of this comparison 
given in Table 3, it will be noted that the corrosion 
rate in the cold, unfiltered water continued to be 
varied and was on the order of 8.5 mils per year, 
while coupons in the hot, filtered water lost only 1.3 
mils per year. The higher rate and the erratic indi- 
vidual coupon results show that the effect of migrat- 
ing corrosion products and fiber throw is quite pro- 
nounced. The reduction experienced on the coupons 
in the filtered water was actually greater than indi- 
cated here, since the earlier tests made before the 
filter was installed (Table 2) had shown the 110 F 


was contain one 


TABLE 2—Corrosion Results of Initial Study 


|\d@a Ga ~-:! | 
Type of Water | 
and Temperature 


Penetra- 
jtion, mpy 


Treatment 
Level (ppm) 


Days 
Exposed 


30 | Pump Discharge—85 F 
60 | Pump Discharge—85 F 
90 | | Pump Discharge 

112 | Pump Discharge—85 F 
30 Return Line—110 F 
60 Return Line—110 F 
90 Return Line—110 F 
112 Return Line—110 F 
28 ry Return Line—110 F 
56 Return Line—110 F 
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return water to be more corrosive than the cold 
water. 


Clean-Up Program 

Evidence from the above tests having established 
the importance of clean water, a clean-up program 
was initiated to: (1) free the heat exchangers of 
corrosion products, and (2) remove as much as possi- 
ble of these products and wood fiber throw from the 
circulating water. 

At every opportunity the various exchangers were 
opened and cleaned. Also, consideration was given 
to the installation of a side-stream filter on the cir- 
culating water header to aid in removing the sloughed 
off materials, and particularly, to eliminate fibers. At 
this time, however, it was felt that once the system 
was clean, treatment and blowdown would take care 
of the normal incidence of foreign matter. Accord- 
ingly, instead of purchasing the possibly more effec- 
tive side-stream filter, it was decided to install fine- 
mesh screens over the more coarse screens located in 
the tower pump pit. These screens have been very 
successful in reducing the fiber content of the water; 
however, they require surveillance on the part of 
plant personnel to prevent excess build-up of “filter 
cake’’, resulting in rupture of the screens or loss of 
suction by the circulating pumps. 

During the initial period of use it was necessary to 
remove the screens every hour or so. In time, the 
frequency of screen cleaning decreased to a week 
between removals. Figure 5 shows a typical mat of 
debris collected on the screens. This photograph was 
taken at the stage of the clean-up program when the 
debris collected proved to be composed mostly of 
wood fibers. 


Cooling Tower Wood Deterioration 


As has been mentioned earlier, the eroded appear- 
ance of the wood and the presence of wood fibers in 
the water had shown that the cooling tower wood 
was deteriorating. As the effects of treatment and 
the clean-up program became apparent by the de- 
cline in the amount of circulating corrosion products, 
it was noted that the fiber concentration did not at 
first show a similar decline. After system blow- 
downs, tower washings, and screening, the fiber con- 
tent would return to a concentration range of 1 to 8 
pounds of wood per 100,000 gallons. This suggested 
that the fiber formation was continuing in spite of 
the alkalinity control then in operation. The question 
therefore was raised as to whether or not some addi- 
tional factor might have been responsible other than 


TABLE 3—Effect of Suspended Matter 


Penetration, 
mpy 


Type of Water 
and Temperature 


Days Loss, 

mgs. 
Pump Discharge (Unfiltered)—85 F | 51 

| Pump Discharge (Unfiltered) —85 F 221 

| Pump Discharge (Unfiltered) —85 F 205 
Pump Discharge (Unfiltered)—85 F | 


| Return Line (Filtered) —110 F 
| Return Line (Filtered) —110 F 
Return Line (Filtered)—110 F 
Return Line (Filtered) —110 F 


im Is 
ADoc 


| 


intend OR 
WWW 


Note: Treatment level was 100 ppm. 
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Figure 5—A typical mat of debris collected on screens. 


TABLE 4—Results After Clean-up Program 


Days Exposed Loss, mgs. Penetration, mpy 





Note: Treatment level was 40-60 ppm; pump discharge was 85 F water. 


TABLE 5—Chemical and Acid Cost 


| | Chemical and Acid 
| Chemical and | _ Cost/1,000,000 
Period 


Start of new treatment............. $10.95 | 








First increase, fair protection....... $15.41 | $2.38 
Experiment with 200 ppm.......... $31.31 $4.82 
Experiment with 100 ppm with filter | 

on coupon test rack.............. | $17.35 $2.68 


Good protection—after clean-up pro- | 
GARE aoa cucaviereeewerrect heoa | 


chemical deterioration of the tower wood resulting 
from the high alkalinity maintained during the first 
two years of plant operation. 

The plant personnel, suspecting the possibility of 
fungi attack, thoroughly inspected the cooling tower 
for evidence of rot or decay. A few isolated brown 
spots were noted on the surface of some of the wood 
fill, but this appeared to be a surface condition only, 
since no viable wood-destroying fungi were found in 
the culture tests made. Additional culture tests, wood 
analyses, and water analyses were made, but no 
other cause for the wood deterioration was found 
other than that originally noted (i.e., chemical at- 
tack). Since chlorine concentration below 1 ppm has 
not been known to be harmful under these condi- 
tions, it appeared that the two years of the high 
alkalinity water was responsible for the wood failure. 

While some wood loss evidently is continuing, no 
thinning of the lath or grooving has been experi- 
enced in the past five years of treatment comparable 
to that which occurred in the first six to twelve 
months of plant operation. It might be pointed out 
also that a fifth cell was added to the existing cooling 
tower six months after the starting of the recom- 
mended acid treatment; after five years of operation 
there was no significant deterioration of the wood. 
Figure 6 shows a sample of the wood fill taken from 
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Figure 6—Sample of wood from five year old 
tower (left) and seven year old tower (right). 






















Figure 7—A heat exchanger six months after 
cleaning. 


the fifth cell as compared with a similar piece from 
the original portion of the tower—the former is five 
years old, while the latter is seven years old. 





Treatment Results 

The clean-up program successfully reduced the 
amount of circulating debris to a point where it was 
no longer a significant factor in the corrosion load. 
Following tests made at decreasing levels of treat- 
ment, an optimum range of 40 to 60 ppm was estab- 
lished for treatment control points. The success of 
the treatment and clean-up programs could be seen 
in the condition of the equipment and in the results 
of later coupon tests. 


Figure 7 pictures the condition of a heat exchanger 
about six months after cleaning, showing that corro- 
sion and serious redeposition of migrating corrosion 
products had been brought under control. Table 4 
shows data from coupons exposed to the lower treat- 
ment levels in which the penetration rate is reduced 
to one mil per year and less. Comparison of these 
results with those initial coupon studies of Table 2 
again show the additive effect that water-borne for- 
eign matter has upon the normal corrosiveness of the 
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water. The chemical composition of the water in 
both studies was essentially the same. 


“Dirty” water may or may not present a readily 
apparent maintenance expense; however, the cost of 
the additional treatment chemicals required by the 
suspended solids is more easily recognizable. At the 
Delhi Plant, beginning with the first of treatment in 
1950, the chemical and acid costs per 1,000,000 gal- 
lons of water circulated ranged from $1.69 through 
$4.82 during the experiment with heavy chemical 
dosage, to $1.34 for treatment after the clean-up 
program had significantly reduced the quantity of 
water-borne solids. With a satisfactory level of pro- 
tection being obtained by both the 200 ppm treat- 
ment and the optimum treatment of 40 to 60 ppm, a 
value of $3.50 per 1,000,000 gallons circulated may be 
placed on the additional corrosion load created by 
the wood fibers and the sloughing of corrosion prod- 
ucts (see Table 5). 


Case for Corrosion Treatment 

The treatment of cooling water for control of scale 
formation has been an accepted practice for many 
years. However, the treatment of cooling water to 
minimize cooling tower wood deterioration and for 
corrosion control has not been practiced widely. This 
slower acceptance of making provision for good cor- 
rosion control may have been based on the thought 
that effective treatment for this purpose is prohib- 
itively expensive, which may have been justified in 
the past when high concentrations of corrosion in- 
hibitors were recommended. However, with the de- 
velopment of newer corrosion control methods, such 
as the “Dianodic Method” used at the Delhi Plant, 
the cost of corrosion control has been reduced to a 
range that is economically attractive. As in this in- 
stance, automatic elimination of high alkalinity chem- 
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ical attack of cooling tower wood is secured with 
corrosion control methods functioning in a pH range 
of 6.0 and 7.5. 

The case history secured at the Delhi Plant dis- 
closes the importance of good engineering and sound 
chemical study and evaluation for an economical ani 
effective corrosion treatment program. The benefits 
derived by the Delhi Plant have been the assurance 
of good heat transfer, the minimizing of cleaning and 
maintenance, and the avoidance of expensive equip- 
ment replacement. 
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DISCUSSION 


Comments by C. P. Dillon, Carbide and Carbon 
Chemicals Corp., Union Carbide and Carbon Corp., 
Texas City, Texas: 

Although Mr. Holland found that he could more 
readily inhibit water which had been filtered free of 
wood deterioration products and other foreign mat- 
ter, our experience with this inhibitor has been that 
clarification of make-up water for the elimination of 
mud and silt did not improve the performance of the 
inhibitor. In fact, we found it somewhat more diffi- 
cult to achieve protection in filtered than in unfil- 
tered water. | would like to state also that while this 
treatment apparently is very successful there is, in 
our Brazos River water at least, some continued 
deposition, probably of complex phosphates, on our 
heat exchanger tubes. We find the chromate poly- 
phosphate inhibitor not. entirely compatible with 
good heat transfer. 


Any discussions of this article not published above 
will appear in the June, 1957 issue. 
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By L. CAUCHOIS, J. DIDIER and E. HERZOG 


Introduction 
HE PRESENCE of hydrogen sulfide in wells 
nay bring about a number of critical problems 

n oil and natural gas production, This is particularly 

rue when the wells are deep and under high pres- 

sure. The difficulties encountered result from the 
rydrogen sulfide corrosive action which acts on steel 

n various ways. 

In the United States the National Association of 
Corrosion Engineers has a number of Technical 
Committees which are vitally interested in these 
problems, These committees include T-1G (Sulfide 
Stress Corrosion Cracking), T-1D (Sour Oil Well 
Corrosion), and T-1B (Condensate Well Corrosion.) 
\ number of interesting papers also have been pub- 
lished on this subject.’ 

In France the problem of sour gas production 
under particularly severe conditions was raised for 
the first time in 1951 with the discovery of the Lacq 
gas field. The field is a deep one (11,400 to 13,000 
feet). The surface pressure reaches 7,538 psi with 
closed-in wellhead and the temperature at the bot- 
tom is about 284 F, The gas contains 15 percent H.S 
and 6 percent CO,, with the balance consisting 
mostly of methane. It is possible that the conditions 
at Lacq may be even more severe than those found 
in American sour gas fields. 

The first well in the Lacq field to be attacked by 
hydrogen sulfide was well No, 3. When the gas for- 
mation was entered an uncontrolled blowout oc- 
curred due to the failure of a drill pipe string under 
the action of hydrogen sulfide. The 65% and 95¢-inch 
casing failed successively and 30 tool-joints were 
found parted in the well. Figure 1 shows a 3!%-inch 
tool-joint which was broken at Lacq No. 3 after 48 
hours’ exposure to the gas.* The broken tool joint 
shows the two types of cracks observed on the vari- 
ous tool joints seen on the spot: 


1. Transversal cracking originating in stress 
concentration areas (change of section, re- 
cesses, thread roots, and holes), 


2. Longitudinal cracking due to the hoop 
stress in the tool joint on the drill pipe. 
The appearance of the failure is brittle 
without plastic deformation. Externally, 
there was no sign of corrosion, 


In addition to the main cracks, there were other 


*% Abstracted from Corrosion et Anticorrosion, 4, No. 5, 157-165 (1956) 
May. 

* For further details see Compte-Rendu du Congres 1952 de 1’ Associa- 

tion Francaise des Techniciens du Petrole, Paper No. 3 on Lacq No. 

3 by Cauchois. 


A Special N-80 Steel Tubing Developed in France 
To Resist Sulfide Stress Corrosion in Sour Gas Wells* 












Abstract 


The presence of hydrogen sulfide in the Lacq gas 
field in France resulted in a number of equipment 
failures. It was found advisable to use a steel tubing 
having the N-80 grade steel mechanical properties 
but having a better sulfide stress corrosion resistance 
under the action of hydrogen sulfide than the con- 
ventional N-80 steel. The steel developed for this 
purpose was designated APS 10 M4 and was a 
chromium-aluminum-molybdenum alloy which had 
been heat treated in such a manner as to obtain a 
thermodynamically stable structure of carbon-free 
ferrite with highly dispersed fine carbides. 

Specimens of the newly developed steel were sub- 
jected to a number of laboratory tests including the 
Jones Test, Cantilever Beam Test, U-Bend Test, 
Expansion Test, and Tensile Test. Extensive data 
are given from these tests. It was found that ap- 
propriately heat treated APS 10 M4 steel had a very 
high resistance to hydrogen sulfide as compared 
with other materials in general and with the con- 
ventional N-80 steel in particular. 


Field tests were made on 23-inch tubing made 
from APS 10 M4 steel. After six months of testing 
it was found that the steel was sufficiently resistant 
to hydrogen sulfide to be satisfactory for use at the 
Lacq field. 3.2.2 


small cracks starting particularly at the thread roots. 
The cracks were intergranular and transgranular. 

The drill pipe lengths of the same string, exposed 
to the same conditions but not submitted to the same 
stresses, already showed incipient cracks. 

A number of problems are involved in the use of 
N-80 tubing in sour wells. The higher the mechan- 
ical properties of the material, the greater is its sus- 
ceptibility to atomic hydrogen embrittlement. Up 
until now N-80 tubing has been considered a weak 
link in deep and high pressure well production be- 
cause of its susceptibility to failure even with inhibi- 
tors and coatings. This is a serious matter inasmuch 
as tubing failure in some cases can result in the loss 
of the well or even the field, 

As a consequence of the failure at Lacq, the 
Societe Nationale des Pétroles d’Aquitaine requested 
various laboratories to give their opinions about the 
causes of these accidents. The Research Centre for 
Physics of Metals, headed by Professor Paul Bastien 
at the Ecole Centrale des Arts et Manufactures in 
Paris, concluded that the problem was a steel embrit- 
tlement phenomenon by atomic hydrogen evolved 


during the corrosion of iron under the action of gase- 


ous hydrogen sulfide.**?** This embrittlement was 
then experimentally reproduced. 

In 1951, Bastien and Azou established the theo- 
retical basis of the mechanism of hydrogen embrit- 


** Studies cited in Reference 2 showed that if sulfide of the NaS type 
is present there is increased danger of hydrogen embrittlement. This 
must be the case in Lacq. 
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Figure 1—A 31-inch tool joint broken at 
Lacq No. 3 after 48 hours’ exposure in sour 
gas. 


Figure 2—Jones Test. All dimensions are 
given in millimeters. 


tlement and showed the part played by the proton 
atmosphere around the dislocations and lattice im- 
perfections of iron and steel.**®7* It was found that 
the embrittling effect of hydrogen will be equally 
minimized in a thermodynamically stable material or 
alloy where the dislocations and lattice imperfections 
are minimized. 

This conclusion has been verified in two different 
ways. In 1951 Hobson and Sykes published experi- 
mental data showing the advantages of steel having 
a spheroidized structure.® Then in 1954 Bastien and 
Amiot published the results of an experimental study 
on the susceptibility to hydrogen of any alpha struc- 
ture (both spheroidized and unspheroidized).’° 

The hydrogen action explanation for the Lacq 
failure was taken under consideration by SNPA 
instead of other suggested mechanisms (intergran- 
ular corrosion with intergranular sulfide precipita- 
tions, vibration, failure, etc.) The company then 
asked the Research Center of the Ecole Centrale to 
classify by the above named processes the French 
and foreign N-80 steels recommended to resist hy- 
drogen sulfide corrosion, 

SNPA played an important role in helping the 
steel-producing companies in the development of 
highly spheroidized micrographic structures, In addi- 
tion, Societe des Aciéries de Pompey and Centre 
d’Etudes Vallourec undertook independent labora- 
tory studies in 1951 at the request of American oil 
companies. The failure of Lacq No. 3 served to ac- 
celerate the investigations undertaken by the latter 
two laboratories. 

In 1953, E. Herzog made application for a patent 
covering a special steel having excellent stress cor- 
rosion resisting properties to hydrogen sulfide action. 
This was made possible because of work done in 
collaboration with Professor A, Portevin on stress 
corrosion cracking of low alloyed steels in nitrates. 

The steel mentioned above became known as APS 
10 M4, having been derived from APS 10 M which 
is used successfully where resistance to intergranu- 
lar corrosion through the action of nitrates is re- 
quired. The new steel can be described as a chro- 
mium-aluminum-molybdenum alloy, heat treated in 





> 
= 


QQ 


N 
, 


RQ Qa, 





oton 

im- 
that 
ally 
il or 
ions 


rent 
eTi- 
ying 
and 
udy 
ruc- 


acq 
PA 
ran- 
ita- 
hen 
: tO 
nch 


hy- 


the 
ot 
ldi- 
tre 
ra- 
oil 
ac- 
ter 


ent 
or- 
on. 

in 
ess 
es. 
PS 
ich 
1u- 
re- 
ro- 

in 






ipril, 1957 A SPECIAL N-80 STEEL TUBING DEVELOPED IN FRANCE TO RESIST SULFIDE STRESS CORROSION 57 


Figure 3—Cantilever Beam Test. All dimensions are given in millimeters. 











such a manner as to obtain a thermodynamically 
table structure of carbon-free ferrite with highly 5 
lispersed fine carbides. It has been patented in 
france, in the United States and in a number of other 
ountries. 






Figure 4—U-Bend Test. Dimensions are given in millimeters. 







Electrolytic hydrogen pick-up tests conducted in es 
= . ‘ . . 0,0 
1953 by Bastien showed the new steel’s superiority. Mi 






[t was the material ultimately chosen by SNPA for ' 
the tubing of Lacq Well No, 102. 






Test Conducted at Pompey Steelworks and 
Vallourec Research Center 













‘orrosion Tests 








Stress corrosion tests were made on a number of 


steel specimens in order to classify them according H = +s 


Aan iiNet stein 






to their life and yield strength. Factors affecting 
| their life include stresses, corrosive medium and ' 
| physical conditions (particularly temperature and | 
pressure.) One of the main difficulties in making i 
these tests was the determination of the exact magni- —— 
» tude, distribution and gradient of stresses. 









s Types of Stresses 
1. Jones Test. A round 1l-inch OD bar was 
placed between two steel strips. These 


Figure 5— Tensile testing machine. 










strips varied in thickness from .10 to .15 4. Expansion Test. A tube ring with a 1.96 
inch, were 1 inch wide and 4 inches long inch outer diameter, .11 inch wall thick- 
with two oval holes 2.75 inches distant ness and .40 inch length was press fitted 
between centers. The ends of the strips over a 2.04 inch mandrel which was 
were brought together by two bolts, (see slightly tapered at the front end. 





Figure 2). 





5. Tensile Tests: 





2. Cantilever Beam Test (see Figure 3). A 










strip measuring 5 inches x .20 inch x .04 a. Machine Tenwle Test. A cylindrical speci- 
inch was clamped in place at a point be- men having a .15 inch diameter was 
ginning .80 inch from one end. Weights placed in the tensile testing machine 
were hung at the other end with the dis- shown in Figure 5, A load was applied by 
tance between the clamped end and the weights and beams. Tests were conducted 
weights being four inches. The load was with 100 percent, 90 percent and 80 percent 






of the conventional 0.2 percent strain yield 
strength. Specimens were jacketed in a 
rubber sealed plastic chamber and a con- 


computed to produce the desired stress in 
the material. 








3. U-Bend Test. A steel strip .60 inch wide tinuous flow of corrosive medium was 
having two holes 5.9 inches apart at their maintained in the chamber. 
centers was bent into a U shape around a b. Dynamometric Ring Tensile Test. A micro- 









cylindrical bar .80 inch in diameter (see specimen was loaded in a dynamometric 
Figure 4). The bending was continued ring as shown in Figure 6. In this instance 
until a gap of only .20 inch existed at the the strain relaxation was a_ variation 
open end. This distance was maintained measurable by a strain gauge. This vari- 
by fastening the open end witha bolt. ation was about 10 to 15 percent when the 
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SPECIMEN 


| | 
tt 


APS 10 Mg 
| 








STRESS IN KG/MM2 





TIME TO FAILURE IN HOURS 


Figure 8—Accelerated stress corrosion test in HS with 1 percent 
NaCl present. 


Corrosive Medium 


Figure 6—Dynamometric ring tensile test. A number of procedures were used to expose 


specimens to hydrogen sulfide. These procedures f— | 
are as follows: 





1.Gaseous Hydrogen Sulfide at Ordinary : est 
Pressure and at Room Temperature. A i \ 
dilute hydrochloric acid and iron sulfide mam 
Kipp gas generator was used with a iain 
Durand wash bottle retaining HCl, The ee 
gas produced was wet and contained a , Tabi 
small amount of hydrogen. Specimens ; Fi. 
were placed either in a glass vessel tightly Be 
sealed at its upper end or in a glass bell esl 
upon a water seal. Specimens were exam- “a 
ined daily and frequently brushed. pend 
Cracked ones were taken out and the ex- supe 
posure time noted. In the case of canti- creel 
lever beam specimens, brushing was im- ee 
possible and failures were observed from | N-80 
the outside and the glass bells opened e sli 
every two weeks. A certain quantity of , APS 
gaseous hydrogen sulfide was added each incre 
day. Th 
. Hydrogen Sulfide in Aqueous Solution. on 1 
Specimens were placed in a beaker con- treat 
taining distilled water and 5 percent | treat 
NaCl. Through a glass tube going to the ately 
bottom of the beaker, bubbles of hydrogen 
sulfide from a Kipp generator were con- 
tinuously introduced. Specimens were 
taken out each day and brushed and re- 
placed if there were no cracks. —_ 
jo tees eat lo: Gar eee eee - Hydrogen Sulfide Under 1423 psi at 175 i 
measurement, (B) Lead seal, and (C) F, A steel bomb enamelled on the inside 
Enameled inside. surface and sealed with lead was used PMT 
with a pressure gauge. The gauge was MSV 
load reached the conventional 0.2 percent later discarded to eliminate leakages. If 
strain yield strength. the mixture introduced remains the same, =_e 
: 5 the same pressure will be reached as with APS 10 
A study has shown that the tensile tests were the ee ars * 0% he 
oe : the initial attempt (see Figure 7). APS 10 
most significant of the various tests used because APS 10 
the stresses were known and their distribution was Some 1.22 cubic inches of water, 1.75 \PS 10 


uniform. This type of test is now the one most com- ounces of solid carbon dioxide and 2.65 
monly used in Pompey laboratories. ounces of liquid hydrogen sulfide were in- | 
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troduced into the bomb. This hydrogen sul- 
fide was obtained by cooling crude hydrogen 
sulfide between —95 F and —110 F after 
precooling to —22 F in order to eliminate 
water, In preparing the test the bomb was 
cooled in liquid nitrogen. Next the speci- 
mens were introduced followed by water, 
solid carbon dioxide and liquid hydrogen 
sulfide. The top edge coming in contact with 
the seal was swiftly cleaned and the cover 
screwed on tightly. After heating for ap- 
proximately one hour the cover was retight- 
ened and the bomb placed in a warm oil 
bath. The temperature of the bath was in- 
creased to 175 F and maintained at that 
level. After one hour the cover would be re- 
tightened if necessary and the temperature 
maintained at 175 F. The bomb was opened 
after either 48 hours or 140 hours and the 
specimens inspected. The maximum time of 
exposure for the broken specimen was thus 
obtained and the remaining specimens could 
be tested again. 


est Results 

A great number of steels were tested after differ- 
nt heat treatments. In many instances the speci- 

1ens had been previously work-hardened. The fiber 
tress was equally varied, Results are given in 
‘Tables 1-6. 

Figure 8 gives information relating to tensile tests 
conducted at 100, 90, 80 and 70 percent of the con- 
ventional 0.2 strain yield strength. APS 10 M4 steel 
was compared to the conventional N-80 steel. Inde- 
pendently of its better behavior under equal or 
superior load, APS 10 M4 steel, appropriately heat 
treated, is characterized by the slope of the stress- 
time to failure curve, In the case of conventional 
N-80 steel, the stress decrease is followed by only 
a slight increase of the time to failure; in the case of 
\PS 10 M4 steel, appropriately heat treated, the life 
increase is considerable, 

The consistency of these results has been checked 
on numerous heats (both on forged bars heat 
treated in the laboratory and on commercially heat 
treated and finished pipe). They show that appropri- 
ately heat treated APS 10 M4 steel has a very high 
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resistance to high hydrogen sulfide media, compared 
with other materials in general and with the con- 
ventional N-80 steel in particular. 


Pipe Manufacture 


After the laboratory work was completed, the ac- 
tual pipe manufacture necessitated special procedure 
regarding rolling, heat treating and control. A con- 
stant cooperation between Vallourec Company,* 
Pompey steelworks, and SNPA was necessary for 
these developments which enabled the fabrication of 
the first 12,500 foot string of tubing, The develop- 
ment was concerned primarily with the pipe manu- 
facture, the heat treating and the machining. 

Heat treating must be conducted to obtain the 
required structure and mechanical properties over 
the full pipe length (upset ends included.) Machin- 
ing must be particularly precise to secure absolute 
tightness of joints under nitrogen pressure of 11,378 
psi. All these difficulties were overcome. 


Tests on APS 10 M4 Grade 23%-inch Tubing 


The depth of Lacq No. 102 was 13,415 feet, The 
7-inch casing reached a depth of 12,570 feet. Two 
concentric tubing strings were used for the first tests 
as a safety precaution owing to the fact that the 
7-inch API casing joints had leaked under high 
pressure in another Lacq well. SNPA set the first 
4-inch—6.5 lbs/ft conventional N-80 tubing string 
upon a Baker packer at 12,500 feet. Then the APS 
10 M4 grade 23¢-inch—4.7 l|bs/ft tubing was set 
inside the 4-inch tubing upon another Baker packer 
at the same depth. 

The 4-inch—23%-inch annulus was filled under 
pressure with gas-oil mixed with Kontol. Production 
tests were run from August 30, 1955 to February 22, 
1956 during which time daily gas production varied 
from 870,000 to 4,400,000 cubic feet. 

Pressures at wellhead were as follows: 

1500 to 2000 psi for 30 days 
3000 psi for 65 days 
4000 psi for 34 days 
5000 psi for 30 days 
6000 psi for 11 days 
7000 psi for 6 days 


* APS 10 M4 pipe is sold by Societe Vallourec, 6, Rue Daru—Paris 8e. 


TABLE 1—Time to Failure With Jones Test 


| 


Yield 
Strength 


Tensile 
Strength 


| Conventional grade C 80,000 


i a > 100,000 
Mn Mo 


C: 0.2 — Mn: 1 


5 Mo:0.2 
C:0.12 — Mn: 1.5 


78,210 . 106,650 24 
Mo:0.2 78,210 72 


> 57,000 2 


Half mild, Killed non aging 49,770 71,100 


steel 


| C:0.2 — Cr: 1.0 Mo:0.2 > 100,000 | > 128,000 


APS 10 A C:0.12 — Cr:2.0 Al:1.0 46,926 71,100 | 
10% hardened 
APS 10 C at 


APS 10 C C: 0.1 





63,990 
56,880 


92,430 
85,320 


Al:0.4 
Al:0.4 


an 
a 


i | Ri 


68,250/ | > 85,320 
71.100. | 
80,000/ | 


91,000 


Mo:0.3 


a 
4 


\PS 10 M4 
0% hardened 


> 100,000 | 


Wet H2S, Room Pressure and 


For 9 tests failure between 40 and 72 hours. 
For 2 tests 


TIME TO FAILURE 
HeS + CO2 Under 2058 psi at 176 F 


Temperature 


| <24 hours 


failure at 240 hours 


10urs 


2 to 1,000 hours 
| Stopped after 2,400 hours, 


48 to 120 hours 
| Stopped after 2,400 hours, 


| 120 hours 5 
Stopped after 2,400 hours, 


Stopped after 2,800 hours, 


Stopped after 3,000 hours, 


48 hours 


without failure 


without failure} Stopped after 48 hours without failure 


| 
without failure} Stopped after 120 hours without failure 


without failure| Stopped after 120 hours without failure 
! 


without failure) Stopped after 120 hours without failure 
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Pressure in annulus at wellhead varied between 
2500 and 5000 psi. Gas temperature at wellhead 
ranged from 113 to 140 F, There was no need to heat 
by external flow to avoid hydrates. 

Inhibitor used was solid Kontol No. 230. Five 
2-pound sticks were used every two or there weeks 
in the initial stages but later this same amount of 
inhibitor lasted a month. The wellhead was shut an 
hour and a half each time inhibitor was added; pres- 
sure increased to 6000 psi. The iron content in the 
water from the separator averaged .00004 ounce per 
liter. This determination is of doubtful validity, 
however, inasmuch as iron sulfide is partly precipi- 
tated when hydrogen sulfide is present. 

Condensate for a separator pressure of 800 psi 
had a gas-oil ratio of 45,000, namely : 

Crude oil: 1 gallon per 6000 cubic feet 
Water: 3 gallon per 6000 cubic feet 

Wellhead pressure (shut in) was constant at 

7,538 psi. 


Results of Tubing Inspection 

The tubing was taken out of Lacq No. 102 in 
March, 1956 and inspected with the help of SN 
MAREP (Société Nationale de Matériel pour la 
Recherche et I’Exploitation du Pétrole) to check the 
internal state of the material. Inspection was made with 
both the Boroscope and Sonoscope apparatus. A com- 
parison of Sonoscope diagrams before and after the 
tests in Lacq No. 102 led to the conclusion that the 
material was free of cracks or incipient cracks. 

The surface condition remained practically the 


TABLE 2—Cantilever Beam Tests With Varying Yield Strength and 
Fiber Stress 


Yield 
Yield Strength 
Strength Hard- Fiber 
Steel psi. ening Stress 


145,044 f 100% 


Time to Failure 
19 to 23 hours 


130,824 f 60% 37 days 

132,246 80% 7 days 

Conventional 100% 2 days 
N-8O - 
89,586 f 60% 60 days 
92,430 80% 43 days 
100% 19 days 


60% 44 hours 
80% 18 hours 
100% 18 hours 


Cc: 0,32 106,650 f 60% 
ir: 40 113,760 80% 
Mo : 0.5 100% 


48 days 
10 days 
25 days 


76,788 5% 60% More than 90 days 
80,000 80% More than 90 days 
100% 70 days 


C :0.4 
Si : 1.8 83,187 i 100% 
Mn : 0.6 


3 to 6 days 


APS 10 M4 5% 80% Stopped after 215 
100% days without 
tailure 


TABLE 3——-U-Bend Tests At Room Temperature and Ordinary 
Pressure 


Yield Strength Stress 
STEEL psi. psi. 
Conventional N-80,  80,000/92,430 
Heat-Treated 


Time to Failure 


85,320/92,430 20 to 40 days 


Test stopped after 
nine months with- 
out failure 


APS 10 M4 
Heat-Treated 


81,054/92,430 81,054/93,852 
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same. The pipe lengths were weighed one by one 
after pressure water cleaning and compressed air 
drying. The same type of tubing will be used at 
Lacq No, 104; with an accuracy of 3.5 ounces in 110 
pounds, it is estimated that corrosion losses can be 
ascertained to an accuracy of .004 of an inch with 
this type of inspection, 


Conclusions 


Severe production conditions at Lacq necessitated 
the use of a steel tubing having the N-80 graide 
mechanical properties but having a better sulfide 
stress corrosion resistance than the convention:l 
N-80 steel type. 

APS 10 M4 steel which exhibited its superiority 
during laboratory tests, was used in the manufac- 
ture of a 23g-inch tubing which proved satisfactory 
for use in production tests in Lacq No, 102. After 
six months of testing it was found that this steel was 
resistant to the severe conditions at Lacq. Experi- 
ence thus confirmed long and difficult research and 
development work. 


TABLE 4——Expansion Tests At Room Temperature and Ordinary 
Pressure 


| | 
Yield Strength | Rockwell | 
| psi. | Hardness | Time to Failure 
95 B | 24 hours 
35 C | 4days 
99 B | 7 days 
oe Oe nari ines ane | 3a C | 4days 
0:2 Mo... Se arseret | 25 C 4 days 


Conventional N-80.. 


82,476/85,320 


48 hours 
APS 10 M4 


| Stopped after 15 
Industrially treated....; 80,000/91,000 


; months without 
failure 


TABLE 5——-Stress Corrosion Test in H.S-CO.-H.O Under 1423 psi 
At 175 F 


Yield Strength 

STEEL psi. Test | Time to Failure 
Conventional N-80.. 80,000/85,320 U Bend <48 hours 
Waber <22 days 


Jones Stopped after 48 
hours without 
failure 

Stopped after 48 
hours without 
failure 

Waber | Stopped after 22 days 

without failure 


APS 10 M4 Treated.. 80,000 /89,586 U Bend 


TABLE 6—Comparative Weight Losses After Long Exposure in 
Wet Gaseous H.S At Room Temperature and Ordinary Pressure 


Wall 
Weight Loss Thickness 
Lbs. /Sq. Ft. Decrease Sulfide Film 
STEEL GRADE Year In/Year Adherence 
APS 10 M4 0.15785 0.00386 | Thin film 
r.S.: 100,000 psi Medium adherence 
0.15539 


APS 10 C 0.00382 


APS 10 M 0.16357 0.00406 
rhick film very 
adherent 


SAE 1010 non-aging 0.58884 0.01457 


SAE 1010 not killed 0.47230 0.01181 


SAE 1020 non-aging 0.44163 0.01102 
SAE 1030 
C 20.16 Mn: 1.5 
Mo : 0.2 


0.42528 0.01063 


0.57453 0.01417 
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Other tests are planned soon at Lacq No. 104 and 
four other wells with this same tubing. 
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Coatings for Crude Oil Tank Bottoms” 


By R. M. CARTER 


Introduction 
ROPER selection of coatings is extremely im- 
IL portant in protecting the bottom of a field-erected, 
crude oil tank against internal corrosion. Applying an 
unsuitable material may mean a large oil loss in addition 
to structural damage from corrosion. 

Frequent inspection to anticipate failure of a coat- 
ing in service is impractical. To clean a tank for 
inspection or repair of the coating may cost more 
than to purchase and apply the material in the first 
place. Because of the high cleaning cost and operat- 
ing inconvenience of taking a tank out of service, 
attention to internal coatings generally is deferred 
until the tank must be cleaned out for other pur- 
poses. Intervals between normal cleaning are often 
ten years or longer. 

This helps to explain why pipeliners are so cagey 
about trying out new tank coatings and why a supplier’s 
offer to guarantee his product for one, two or three 
years of service may be received without enthusiasm. 

A number of qualities are desirable in a coating 
material for a tank bottom. Among other things the 
coating should: 


1. Withstand deterioration in the chemical 
environment in the tank for an indefinite 
period. 

2. Be practical and economical to apply. 

3. Accommodate adverse job conditions. 


There is a natural tendency to continue using and 
improving coatings that are known to be successful 
under service conditions. But frequently it becomes 
necessary to look for a new material because of dis- 
satisfaction with the durability, cost, or application 
of a previously used coating. An entirely new service 
condition also may require a new coating. 

When a coating does not perform well, it must be 
determined whether it is the material or application 
that is at fault. In many cases a proper selection 
must be made from a group of untried materials. 

Suitability of materials under consideration should 
be determined by screening them through a realistic 
chemical testing program in a good laboratory. In 
addition, promising materials should be evaluated 
as to ease of application and adaptability to job con- 
ditions before they are used in a tank. 


Laboratory Evaluation 


The data usually furnished on immersion tests in 
manufactured chemicals are valuable, but only as a 
guide in selecting the most promising materials for 
*% Submitted for publication March 26, 1956. A paper presented at the 


Twelfth Annual Conference, National Association of Corrosion En- 
gineers, New York, N. Y., March 12-16, 1956, 
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Abstract 


Corrosion in the bottoms of field-erected tanks han- 
dling crude oil continues to be a problem, especially 
in areas where the oil contains aromatics or other 
elements that rapidly deteriorate the hot coal tar 
coatings generally used. New epoxy resin combina- 
tions and other coating innovations have brought 
forth materials that promise to withstand the more 
troublesome environments and to compete with the 
older bottom coatings for general use. However, the 
array of new brand names, chemical terms, unre- 
lated service claims, etc., can become confusing to 
the operating man faced with the problem of select- 
ing a protective coating for his particular tank. 

This paper describes a method successfully used 
to screen promising materials in the laboratory. It 
also discusses field conditions, application problems, 
and other factors that affect the selection and use of 
successful coatings. 7.5.5 


the laboratory to evaluate. Crude oil and its impuri- 
ties (basic sediment and water) which collect on the 
bottom of a tank, contain an infinite number of 
chemical combinations and concentrations. A mate- 
rial might be proved against any number of possi- 
bilities, but be quickly destroyed in service by an 
unsuspected or ur known agent. 

It was desirable to know which of the available 
materials would perform best when immersed in the 
liquid environment inside the tank to be coated. This 
fundamental requirement could be met and materials 
tested in the natural liquids that are actually in con- 
tact with the tank bottom without too much concern 
over the chemistry involved. 


Testing Procedure 

This approach was used with satisfactory results 
when the company was confronted with extensive 
bottom coating failures in the West Texas division 
of its pipeline system. Two vats were prepared for 
immersing coated test panels. One vat was filled 
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Figure 1—Coal tar—epoxy resin compound test panel exposed for 197 
days in crude and 369 days in brine. Coating was unaffected by 
exposure and showed no alligatoring or pinholing. 


Figure 2—Plasticized hot coal tar, Brand A, mixed with diatomaceous 

earth and expanded vermiculite. Sample was exposed 197 days in 

crude and 377 days in brine. This sample showed the least alligator- 

ing of the conventional tars. Left end of panel was patched with a 
competitive material. 


with equal portions of the Devonian and Ellenberger 
crudes produced in that area. The other was filled 
with brinish water drained from the bottom of one 
of the affected tanks. Steel test panels measuring 4 
inches x 9 inches x 4 inch were prepared. Each con- 
tained a lap-welded joint to provide an irregular 
surface of a type commonly encountered in tank 
construction. Coatings applied to the panels were 
allowed to cure one week before immersion. Four 
identical panels were prepared for each coating sys- 
tem, thus providing two for initial submersion in 
each of the two baths. During the test, the coated 
panels were periodically switched from one bath to 
the other. Also, the test liquids were frequently 
renewed. 


The testing of materials in these baths was started 


in July, 1954, and is still in progress. Surprisingly, 


noticeable effects were observed after very short 
periods of immersion, thus obviating the accelerated 
type of testing usually followed for expediency. 
Figures 1 through 10 are photographs of repre- 
sentative test panels of coatings that underwent sub- 
stantial periods of exposure. Their captions describe 
the material, give the days immersed in each liquid, 


«nd include comments on the results. 
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Figure 3—Hot coal tar enamel, Brand B, reinforced with glass cloth. 

Panel was exposed 197 days in crude and 369 days in brine. Coating 

alligatored slightly more than Brand A but showed better retention 
of surface gloss. 


Figure 4—Hot coal tar enamel, Brand C, reinforced with glass cloth. 
Panel was exposed 197 days in crude and 377 days in brine. Coating 
was badly alligatored and unsatisfactory. 


Coal Tar-Epoxy Resin Combination 

The material showing superior performance, in 
fact the only one totally unaffected by long immer- 
sion, is a new coal tar-epoxy resin combination, 
shown in Figure 1. It is a catalytic-setting material 
that may be applied in thicknesses of 8 to 10 mils per 
coat with spray gun, brush, or roller. It has excellent 
adhesion. As to flexibility, it withstood bending over 
a 2-inch round mandrel at 100 F and a 6-inch man- 
drel at —4 F without losing adhesion or cracking. In 
comparison, a hot coal-tar coating produced by the 
same manufacturer passed only a 4-inch mandrel at 
100 F, and at —4 F lost adhesion and fractured with 
only slight flexing. 

The material that had failed in the actual West 
Texas crude service was a commonly used, hot- 
applied, coal tar. Figures 2, 3, 4, and 5 show panels 
with coatings of this general type from three manu- 
facturers. They were included in the current tests 
so that the effect of variations in the use of plasti- 
cizers and the inclusion of inert fillers could be ob- 
served. The degree of surface checking, or “alliga- 
toring,” is the basis of comparison. Improvements in 
these coatings are of interest in connection with 
their continued use in other areas where they have 
given good service. 

An accelerated type of immersion test completed 
in 1952 indicated that the rapid deterioration of hot 
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Figure 5—Plasticized coal tar, Brand A, mixed only with vermiculite. 

Panel was exposed 197 days in crude and 377 days in brine. Coating 

showed more alligatoring and more cold flow than with diatomaceous 
earth added. 


Figure 6—Phenolic resin enamel applied over plasticized coal tar, 

Brand A, as in Figure 2. Sample was exposed 197 days in crude and 

369 days in brine. Enamel was cracked by shrinkage but retained ad- 
hesion to coal tar base. Coating was affected mostly by brine. 


coal-tar coatings in \West Texas, in contrast to satis- 
factory service elsewhere, was caused by the uncom- 
monly high percentage of aromatics that occurs in 
crudes produced in that area. 

Figures 6 and 7 are panels simulating the use of 
a phenolic resin enamel as a top coating to protect 
a conventional coal-tar base coating against attack 
from aromatic hydrocarbons. The top coat cracked 
because of embrittlement and shrinkage; however, 
there was no loss of adhesion to the base coat. Most 


of this reaction occurred in the brine exposure. In 
the preceding accelerated test this phenolic material 
was unaffected by immersion in a hydrocarbon mix- 
ture of 49.1 percent gasoline, 49.1 percent kerosene, 
1.3 percent toluene, and 0.5 percent xylene. 


Other materials under consideration may show 
good resistance in the test environments. Some are 
being screened through preliminary tests—moisture 
vapor transmission, hardness, impact, flexibility, ad- 
hesion, etc. Others are, as vet, considered impractical 
for tank work because of high unit costs, multiplicity 
of coats, complicated application, etc. For these rea- 
sons they have been shelved pending further de- 
velopment. 

Rapid elimination of unsuitable materials has 
been accomplished in the current testing, but the 


ultimate serviceability of unaffected materials is, of 
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Figure 7—Phenolic resin enamel applied over plasticized coal tar, 

Brand A, without additives. Panel was exposed 197 days in crude 

and 369 days in brine. Cracking of enamel was more extensive here 

than on previous samples which was attributed to lateral movement 
of softer tar base. 


Figure 8—Coal tar-liquid neoprene thin film coating. Panel was 
exposed 104 days in crude and 192 days in brine. Coating had many 
small blisters and was unsatisfactory. 


course, not yet known. Since the test baths essen- 
tially simulate the service environment, the endur- 
ance of a material under test should practically 
parallel the endurance of the same material applied 
in a tank, insofar as it may be affected by chemical 
action. To be of utmost value, this type of test 
should, therefore, be continued indefinitely. 

For an operator having a large number of tanks, 
continuation of the test has obvious economic ad- 
vantages. In this case some 250 tanks were involved, 
ranging in size from 500 to 176,000 barrels capacity 
and averaging 49,000 barrels. Continuation of the 
test described gives a realistic indication of the en- 
durance of coatings in actual service on inaccessible 
surfaces inside the tanks. Also, it provides a realistic 
proving ground that, in conjunction with field ex- 
perience, enables the user to cooperate with the 
manufacturers in developing improved coating ma- 
terials and methods. 


Conventional Coal-Tar Coatings 
The materials most commonly used over the past 
15 years are the well-known, hot-applied, coal tars 
combined with various plasticizers and fillers. The 
results have been both good and bad. Useful life of 
from 3 to 12 years has been obtained. Several 12- 
year-old applications are still in fair condition. 
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\Vhere they have proved themselves, hot coal tars 
have an eminent position and continue to offer stiff 
competition to the newer products. They very defi- 
nitely can be used in the specific crude oils in which 
their suitability has been demonstrated by past per- 
formance or by appropriate testing in the laboratory. 


\ noteworthy improvement has been made in a 
ting using the so-called “plasticized” type of coal- 
pitch, as was illustrated in Figure 2. Expanded 
miculite, in conjunction with finely ground dia- 
1aceous earth, is being used instead of sand to 
vide bulk and firmness in the plastic range. The 

materials, being lighter in weight, remain in 
pension better than sand when mixed with the 
pitch. This allows a homogeneous mixture of the 
redients in the applied coating. 


Vhen sand is used, it is difficult to maintain the 
ical temperature at which the pitch has the 
per viscosity to provide a homogeneous mixture. 
ny spot failures in otherwise sound coating jobs 
e been attributed to improper mixing of the sand. 
‘as of coating having insufficient pitch to bind 

sand have eroded away and exposed the steel. 
.cessive cold flow has occurred in areas having 
ufficient sand. 


\n improvement also has been made in a competi- 
e coating using a so-called “enamel” type of coal- 
pitch, which does not make use of fillers added 
the job. In the new method, two pours of the hot 
amel are made. The first pour is covered with a 
th woven from glass fibers of high tensile 
strength. The loose weave of the cloth allows the 
cond pour, made over it, to be fused with the first 
pour. The result is an exceedingly strong membrane. 
lt is important to use a limp, unsized, woven cloth 
that will lie flat on the tank bottom. 


/ 
thick, they readily cover the rough surfaces and lap 
joints that require special attention when thin coat- 
ings are used. 


Since these coatings are applied 34, inch to % inch 


Thin-Film Coatings 
lhe use of a new, more resistant coating is essen- 
tial where heavy coal tars fail because of inadequate 
chemical properties. There, the demand for better 
orrosion protection may allow some leeway for 
extra cost. For widespread general use, however, 
new materials and methods still must compete with 
the old on the basis of convenience and economy. 
Why are the terms “new materials” and “thin 
ms” used synonymously? Primarily, it is a matter 
economics; since materials more chemically re- 
stant than coal-tar pitch are also many times more 
(pensive, they must be used as sparingly as possi 
ble. On the other hand, there are practical limitations 
| how thin a coating can be applied and yet be an 
fective chemical barrier. Consequently, job condi- 
ons that will have an effect on film thickness are 
most important in the consideration of “thin film” 
ratings. 
Corrosion-pitted surfaces, riveted joints, lap-welds, 
itches, weld splatter, etc., require a material with 
e ability to fill irregularities and to cover projec- 


Figure 9—Photomicrograph (35x) of furfural- 
dehyde, resin. Two coats of this thin film 
material were spread over primer. Panel was 
exposed 107 days in crude and 41 days in 
brine. Coating showed extensive blistering and 
pinholing and was unsatisfactory. 


Figure 10—Vinyl mastic coating (one coat over wash primer.) Panel 

was exposed 376 days in crude and 194 days in brine. Panel has 

good general appearance. Small rust spots appeared after six days 
in brine but there was little subsequent change. 


tions and sharp edges. Experience indicates that a 
minimum thickness of 15 to 20 mils is desirable out 
on the plate surfaces, and that an additional build-up 
is required along the joints. Of course, this thick- 
ness is three to four times greater than that obtained 
by ordinary paint systems, which are generally asso- 
ciated with the term “thin film.” The term is used in 
a broader sense merely to emphasize the great dif- 
ference between the entire group of new coatings 
and the conventional coal tars. 

\When serious corrosion is present on the under 
side of the bottom steel (Figure 11), the coating may 
be called upon to prevent leakage through pit holes 
that may develop later. Ability to bridge perfora- 
tions and cracks is also important when riveted 
joints are to be covered (Figure 12). Leakage is 
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Figure 11—Underside corrosion in inspection plate cut from 1%-inch 
thick tank bottom. 


likely to develop around rivets damaged by under- 
side corrosion, or along the caulking edges of the 
seams. 

The company’s practice, when underside corrosion 
is encountered, is to install external cathodic protec- 
tion to prevent extensive future damage. Steel de- 
fects in evidence are repaired before the coating is 
applied. However, undetectable pits in an advanced 
stage may perforate the bottom soon after the tank is 
returned to service. To be reasonably safe under 
such conditions, the coating, when cured, should be 
able to hold the hydrostatic head in the tank when 
bridged across a gap one-inch wide. 

Thin coatings, as well as hot coal-tar coatings, may 
be strengthened immeasurably by using glass cloth 
for reinforcement. The increase in cost would be 
greater for the thin-film coating because of the more 
difficult application procedure and the extra material 
required to fill the cloth. 


Curing of Materials 

One way to classify cold-applied materials is by 
the manner in which they cure. Some cure through 
evaporation of solvents; vinyls, phenolics, and ordi- 
nary paints are usually in this group. Others cure 
through chemical reaction, with or without the use 
of a catalyst or activator. Some of the new epoxy 
compounds are in this second classification. 

In general, materials that cure by evaporation 
have comparatively lower solids content since they 
have been cut back with solvents to obtain a flowing 
consistency. The dried film is quite thin, usually 
between one and two mils per coat. It is also some- 
what permeable because of the minute passageways 
formed by the escaping solvents. Hence, application 
costs for a total job are high since a number of coats 
are required to obtain an adequate and impervious 
film. 

Materials that cure by chemical reaction appear 
to be the most promising. Their high solids content 
generally provides a denser and more impervious 
film and, at the same time, allows a greater build-up 
per coat. Since fewer coats are required, application 
costs may be less. 
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Figure 12—Crew applying a hot coal tar coating in an old tank 
having a riveted bottom. 


Inert Fillers 

One method of obtaining a greater thickness per 
coat of material is to add inert fillers, such as 
chopped-glass fibers, ground mica, asbestos fibers, 
fine silica sand, etc., to form a mastic. Developments 
now in progress along this line may alleviate the 
problem of getting a thin-film coating to cover bot- 
tom joints and other irregularities adequately and 
economically. 

From the standpoint of economy and convenience 
of application, the thin-film coatings are more likely 
to be competitive with hot coal tars in the field of 
new construction, or on repair jobs where the fol- 
lowing conditions exist: 

1. There is reasonable assurance that serious 
underside corrosion will not develop. On 
new tanks this can be accomplished by 
proper grade construction (Figure 13). 
On old tanks it can be investigated by in- 
specting test plates removed from the 
bottoms, checking tank-to-soil potentials, 
and by general observations. 

. There are welded joints present. Thor- 
oughly cleaned lap-weld joints (Figure 
14) require less additional build-up of ma- 
terial than do riveted joints. Welding 
burrs and metal splatter adjacent to welds 
should be eliminated to further reduce 
material consumption. 

. Ambient temperatures allow fast curing. 
Some catalytic-setting materials may re- 
quire as much as three days per coat to 
harden when temperatures are in the low 
thirties. 

4. There is general job cleanliness. This may 
be controlled more easily in a new tank. 

The coal tar-epoxy material used by the author 
can be applied 15 to 20 mils thick under these con 
ditions at nearly the same total cost as regular hot 
coal-tar applications. 


Application Notes 
What tolerance for faulty application does, 0: 
should, a material have? This is an intriguing ques 
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gure 13—Example of grade designed to reduce corrosion on ground 

de of tank bottom by keeping the steel surfaces dry and out of 

ntact with corrosive soil. Tank was built on a crushed rock pad 
6 inches thick. 


m, but one for which reality is likely to be con- 
ised with wishful thinking. It is true that tolerance 

needed for unavoidable adverse job conditions, 
nd that a wider choice of application methods is 
ceeded. Nevertheless the. requirement of high standards 
ff workmanship cannot be avoided in protective- 
oating work. 

Good surface preparation, job cleanliness and ad- 
erence to specifications are factors having a direct 
searing on the successful use of any coating, whether 
t be “thin film” or “conventional hot coal tar.” 
\laterials vary as to versatility in application, but 
vhatever method is used, it must ensure adhesion 
ind continuity of film. 


yandblasting 

Sandblasting of surfaces to be. coated is recom- 
mended in all cases. An intermediate grade of blast- 
ing that will remove all foreign matter, corrosion 
products, and loose scale, but which may permit 
small isolated areas of tight mill scale to remain, is 
generally suitable for bottom coating work. 

Complete inspection of the cured coating with the 
ud of an electrical holiday detector also is recom- 
mended. A properly adjusted instrument may be 
used to locate areas of inadequate film thickness, as 
vell as voids in the film. 

Availability of crews with the necessary manual 
skills and equipment may be an important factor in 
hoosing a material. For instance, the art of trowel- 
ng a heavy hot pitch is quite different from the art 
£ painting with a spray gun. Neither can be prop- 
‘tly performed by untrained personnel. Each re- 


juires the use of special equipment. 


The field use and application characteristics of the 
iew coal tar-epoxy resin compound were described 
+y Murphy.’ The importance of good surface prep- 
iration and superior workmanship in the use of thin 
materials was stressed in this article. 

Hot-applied coal tars, because of their thickness, 
ire generally thought to have a considerable toler- 
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Figure 14—Workman applying a coal tar-epoxy coating on a new 
lap welded tank bottom. 


ance for imperfect application. Still, many spot fail- 
ures have been traced to this cause. Enlightened 
supervision and good workmanship are as essential 
to successful coal tar coatings as they are to the 
newer thin-film coatings. 


Excess Primer 

One of the less obvious causes of failure is pouring 
hot pitch over a small isolated pool of wet primer. 
Excess primer, collecting in a corrosion pit or a de- 
pression along a lap joint, may remain fluid after 
the rest of the primed surfaces have cured. When 
contacted by the hot pitch, the volatile solvents in 
the wet primer suddenly vaporize and form a gas 
bubble. As the pitch congeals, a void is left that may 
escape detection because it has been bridged over by 
a thin membrane of material. Later, after being 
placed in service, this thin membrane may fail and 
expose the steel surface under it to a concentrated 
corrosion attack. In one instance this was thought 
to have been the cause of failure where 8,000 barrels 
of oil escaped through a pit leak that developed 
within three years after the bottom was coated. 

Another more common type of spot failure can be 
attributed to pouring hot pitch over small particles 
of oily dirt or wax that are present because of im- 
proper attention to general job cleanliness. When 
melted by the hot pitch, the fluids released from such 
substances float to the top of the coating and leave 
small passageways through which corrosive elements 
may later have access to the underlying spots of bare 
steel. The reference here is to substances that are 
allowed to foul the steel surfaces after the steel has 
once been thoroughly cleaned by sandblasting or 
other means (Figure 12). They may be brought into 
the tank by clinging to work equipment or to the 
feet of workmen, or they may drop down from the 
uncleaned upper parts of the tank. 


Adverse Weather Conditions 
Internal tank-coating work is not always a “fair 
weather” proposition. Frequently, emergencies arise 
that require a tank to be coated in the dead of win- 
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ter. If a tank develops a leak and needs to be cleaned 
and repaired, or if a new tank is being erected to take 
care of a new oil movement or new production, speed 
in placing the tank in service is of paramount im- 
portance. When the weather is unfavorable, there 
may be a choice of going ahead with an inferior job 
or of using the tank without a coating. In emergen- 
cies, one can seldom afford the luxury of waiting 
on ideal weather. 

Adding tolerance for low temperatures without 
sacrificing quality no doubt presents difficult formu- 
lating problems, but a definite need for improvement 
exists. It will be up to the manufacturers to supply 
relief in this direction. 

Cold weather causes less inconvenience in apply- 
ing hot coal tars than it does with thin-film materials. 
Since the tars are normally made to flow by heating 
and are quickly hardened by cooling back to atmos- 
pheric temperature, no fundamental change in 
method is required as the air gets colder. 

Difficulties with hot coal tars in cold weather 
include loss of adhesion and cracking as the material 
cools and hardens. The plasticized type is preferred 
for use at the lower ambient temperatures. 

Cold-applied materials become more viscous with 
lower temperatures. After adding the manufacturer’s 
recommended maximum allowance of solvent thin- 
ner, which in some cases may be none, further thin- 
ning to maintain proper flow must come through 
heating. This requires special equipment and addi- 
tional procedures. Curing time is increased because 
of the slower evaporation of solvents, or because of 
delayed reaction in the chemically cured types. In- 
creased curing time is most objectionable in the 
multiple-coat system. 

Summer temperatures above 100 F also may cause 
difficulties in handling catalytic-setting compounds. 
Catalyzed material may gel in the short time be- 
tween mixing and applying. The result may be not 
only a loss of high-cost material, but also a loss of 
expensive equipment made inoperative by the hard- 
ened material. 

The coal tar-epoxy resin compound previously 
mentioned can be applied conveniently within a tem- 
perature range of 35 to 100 F. 


Other Corrosion-Control Measures 

Cathodic protection is recognized as a_ possible 
means of controlling internal corrosion on tank bot- 
toms, but it should be used in conjunction with good 
coatings. A unique magnesium anode system has 
been installed inside six of the company’s large 
tanks (120 ft. in diameter). This system makes it 
possible to read and to regulate the current output 
from each anode by means of readily accessible con- 
trol centers located outside the tanks. Data being 
collected should allow conclusions on obvious ques- 
tions about anode performance in this environment, 
but a report at this time would be premature. 

What the company hopes to develop is a combined 
system wherein cathodic protection will take care of 
small isolated surface areas exposed by imperfect 
coating application, or by spot failures. The coating 
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would in turn supplement the cathodic protection by 
greatly reducing the current drain, thus allowing 
an economical installation. 

The present anode installations cost about $1,500 
per tank. This includes about $700 per tank to pro- 
vide the control features. It is hoped these control 
features can be omitted on future jobs after sufficient 
data for design purposes have been obtained from 
those in service. 

Inhibitors also may have possibilities, but at the 
moment their use appears to be impractical. 

Galvanizing gives good internal protection to tank 
bottoms in most instances. However, on field-erecied 
tanks its use is limited to small tanks of bolted ccn- 
struction, 10,000 barrels or less, such as those coim- 
monly used on producers’ leases and at small pipe- 
line pump stations where oil is gathered. Complete 
galvanizing of new bolted tanks is generally speci- 
fied, not only to reduce internal corrosion of thie 
bottom, but also to protect the underside of the bot- 
tom, the vapor space, and the external surfaces ex- 
posed to the atmosphere. 


Conclusions 

At the present stage of the investigation of coat- 
ings, a coal tar-epoxy resin compound and two of the 
hot-applied coal tars are recommended for use. How- 
ever, all three might not be considered suitable for 
the same job because of their differences in resist- 
ance to various crude oils, in application methods, 
and in physical properties. 

The coal tar-epoxy material is recommended where 
highly aromatic crudes, or mixtures of crude and 
casinghead gasoline, are encountered. Where ordi- 
nary crudes are handled, all three materials are gen- 
erally considered suitable on a competitive basis. In 
some instances, however, the choice may be limited 
by the type of crew available, adverse weather, de- 
terioration of the structure, and other local factors. 

The proving of a new tank-bottom coating and the 
development of an application process are costly and 
time-consuming. Unproved materials may not be 
used indiscriminately because of the inaccessibility 
of the coated surfaces, high costs, and serious conse- 
quences of failure. But these same conditions, plus 
the failures that still occur, are the reasons why the 
search must be continued for better coating systems. 

As investigations continue it is anticipated that 
the number of proved materials will increase. In this 
way more versatility will be gained in coping with 
application problems. 

It has been learned that the performance of one 
product should not be the sole basis for judging 
other products in the same general chemical group. 
Neither can the ultimate utility of a basic material 
be known solely from the formulations in which it 
may now be used. Ingenuity and high-quality work- 
manship apparently are as important in the formu- 
lation and manufacture of improved coatings as they 
are in the application of the materials on the job. 
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Effect of Variables in Laboratory Testing 
Of Corrosion Inhibitors for Refined Petroleum Products* 


By DAVID B. BOIES and J. 1. BREGMAN 


Introduction 


YORROSION PROBLEMS beset the petroleum 
4, industry from the well through the refinery to 
e customer’s storage tanks. One of the major areas 
corrosion is in the transportation and storage of 
fined products. After coming from the refinery, 
ese products meet such conditions as transportation 
ocean-going tanker, pipeline and tank truck, and 
s orage in refinery or customer’s storage tanks. The 
nditions which affect corrosion are different for 
cich of the above services, and yet the corrosivity of 
product, and the value of a corrosion inhibitor often 
e evaluated by means of laboratory tests under one 
two fixed sets of conditions. 


Tests which have been described in the literature 
r the evaluation of corrosion inhibitors for refined 
products have been limited mainly to the ASTM 
11665-54 Turbine Oil Rusting Test? as modified by 
ilitary specification and the VV-L-791 Method Water 
rop Test? and variations of these methods such as 
water drop type test used by Wieland and Treseder 
x the evaluation of corrosion in fuel oil storage 
nks.* Recently the use of electrical testing tech- 


iques based on the change of resistance of a test 
piece with decrease in cross sectional area have been 
described.*5 


Use, as such, of the military test which consists 
fa single set of arbitrary conditions limits the value 
of the results to a measure of the effectiveness of a 
corrosion inhibitor in an agitated isooctane—sea 
water mixture at 100 F. This set of conditions gen- 
erally has little relationship to the actual field corro- 
sion problem (pipelines, tankers, etc.) which needs 
to be resolved. The water drop test, when used only 
with the one fixed set of conditions, also is limited 
in value insofar as application to corrosion problems 
is concerned. The recent development of the electrical 
type testing has involved attempts to more closely 
duplicate field conditions and has allowed the study 
fa greater range of corrosive factors. 

Experience in the evaluation of corrosion inhibitors 
lor various corrosion problems has shown that lab- 
ratory tests designed to test these inhibitors should 
simulate the corrosive conditions existing in the 
ictual problem. It is well known that inhibitors for 
ertain types of corrosive systems are ineffective for 
thers. The complex hydrocarbon-water systems 
vhich are present in corrosion problems involving 
efined petroleum products are no exception to this 
veneralization, Thus, variables which could influence 
he choice of the proper inhibitors for a specific use 
nay include the temperature, degree of agitation, 
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Abstract 

In testing corrosion inhibitors for use in refined 
petroleum products, very careful consideration must 
be given to the effect of the environmental condi- 
tions on the performance of the inhibitors. Only by 
a careful study of the variables encountered in any 
specific corrosion problem can an intelligent selection 
of the appropriate inhibitor be made. Variables 
studied in this work include the degree of agitation, 
the concentration of dissolved solids in the water 
phase, the pH, the temperature, oxygen content, and 
the nature of the hydrocarbon phase. A brief discus- 
sion of testing procedures also is included. 

Results for a commercial automotive gasoline, 
aviation gasoline, jet fuel and a No. 2 fuel oil are 
discussed. It is shown that some inhibitors which are 
effective with sea water under dynamic conditions 
may be completely ineffective with sea water under 
static conditions, Some inhibitors which are very 
effective at room temperature may be required at 
double the concentration at 100 F and may be in- 
effective at 140 F at five times the room tempera- 
ture concentration. The concentration of inhibitor 
required to protect under any specified set of environ- 
mental conditions may vary considerably with dif- 
ferent refined products. This also may be true for 
different supplies of products of the same type (e.g., 
different gasolines). 5.8.1 
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tanker and tank-truck applications involve both static sepa 
and mild agitation, while in pipelines both mild and the ¢ 
vigorous agitation are encountered. The test proce- that 
dures are as follows: abov 
any 
Static Test a a 
A combination of water, hydrocarbon, and tre: 
ment is thoroughly mixed for several hours. The niix- & 
ture is then allowed to stand and it separates into ‘wo in dt 
phases. A cylindrical mild steel specimen is immersed test. 
in the system and allowed to remain in a static coi di- tf 
tion for 72 hours. The specimen is then removed «ind Sn 
visually examined for evidence of corrosion, if 
Apparatus. A test unit is shown in Figure 1. a 
equipment consists of: (a) A screw-cap glass tu : it 
25 x 150 mm, which is used as the test contain se 
The tube is provided with a cork through which is o 
inserted a heavy Nichrome wire hook to suspend the ) ila 
specimen. A one inch piece of 1 mm capillary tubing \ 
serves as a vent. (b) A means of mechanically gas; 
rotating the tube end-over-end at about 45 rpm. hy di 
bit 
Test Specimen and Its Preparation. The test speci- by 1 
men is a mild steel (SAE 1015) cylindrical rod 0.25 hour 
inch in diameter and 2.75 inches long with a 0.125 lis ¢ 


inch hole drilled through one end. The other end per? 
of the specimen is rounded to a radius of 0.125 inch. 


The drilled end is mounted in a chuck which can be A 
rotated at 1700 to 1800 rpm. The specimen is filed equi 
free of gross surface irregularities, if necessary, and inch 
then polished with new No. 3/0 emery cloth. | and 
The specimen is removed from the chuck, rinsed oe 
with ASTM precipitation naphtha, dried with a clean aes 
cloth, and handled thereafter with a clean, dry, lint- — ' “ 
less cloth. a= 
v2 1 
Test Fluids. The hydrocarbon phase consists of + 
the desired fuel, treated with the inhibitor under test. 
If the volume of the inhibitor is too small to be — 
measured conveniently, a dilute solution of the treat- * 
ment may be made, preferably with the hydrocarbon ae 
being used. The water phase is either distilled water a 
Figure 1—Static corrosion test unit. or synthetic sea water prepared according to ASTM ee 
D665-54, having the following composition : we 
type of petroleum product, nature of the water, and Salt Grams per Liter nee 
the oxygen content of the system. For this reason, NaCl 24.54 E 
a series of tests have been developed in National MgCl,*6H,O 11.10 neal 
\luminate’s laboratory which permit the study of NazSO, 4.09 mils 
inhibitor effectiveness over a wide range of condi- CaCl, 1.16 pari 
tions and the selection of the proper inhibitor for KCl 0.69 con 
the conditions to be encountered in any specific ap- NaHCO. 0.20 tive 
plication. This type of testing and results shown by KBr 0.10 prot 
different commercial inhibitors are presented below. H,BO, 0.03 cor 
SrCl,*6H,O 0.04 ee 
Experimental NaF 0.003 In 
Three basic tests were employed, and conditions “ide 
were varied using these tests. The tests were based Procedure. Forty ml of the treated hydrocarbon tect 
on the degree of agitation desired (i.e., static, mild or and four ml of the water are introduced into the 
vigorous agitation). Actual field applications might screw cap tube. The tube is capped and rotated end- 1g 
correspond to one or more of these types of agitation. over-end for six hours. The rotation of the tube is A 
Storage tanks present a static corrosion problem, then stopped and the two phases are permitted to \ 1g 
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separate. The specimen is attached to the hook in 
the cork and the position of the hook is adjusted so 
that the specimen hangs with its lower end just 
above the bottom of the tube, but not in contact with 
any part of the container. The tube is allowed to 
remain undisturbed for 72 hours. The specimen is 
then removed and examined. 


Evaluation. If visual inspection reveals no rusting 
duplicate tests, the treatment is considered to pass the 
ti 

{f both specimens from duplicate tests show rust- 
x, the treatment is considered to fail the test. 

[f one specimen shows rusting, but not the other, 
ts on two additional specimens are made. If 
ither of these shows rusting, the treatment passes; 
either show rusting, the treatment fails. 


Id Agitation Tests 

\ weighed flat mild steel specimen is placed in a 

iss jar together with a mixture of water and 

drocarbon which has been treated with an in- 
i bitor. The jar is then subjected to gentle agitation 

means of an oscillating rack for a period of 18 
hours. The specimen is removed, cleaned and weighed. 
lis corrosion rate is then calculated in terms of mils 
per year. 


Apparatus. A test unit is shown in Figure 2. The 
ejuipment consists of an 8 ounce glass bottle, 4 
inches tall, 2 inches in diameter, with a wide mouth 
and a screw cap. A 2 inch piece of 8 mm glass tubing 


is inserted in a hole in the cap to act as a vent. An 
oscillating rack capable of holding 72 bottles also 
is used. The motion is approximately elliptical, with 
a major axis of 25% inch, and a minor axis of about 
', inch, and is repeated 90 times per minute. 


Test Specimen and Its Preparation. The test speci- 
men is a mild steel, 22 gauge (SAE 1010) coupon, 
| x 2 inches. The length is chosen such that the 
specimen does not lie flat in the jar. About three- 
fourths of the specimen is in the water phase and 
one-fourth in the hydrocarbon phase when the jar 
is at rest. The specimen is prepared by sandblasting 
and rinsing in toluene. It is then weighed to the 
nearest 0.1 milligram. 


Evaluation. The effectiveness of the inhibitor is 
evaluated by calculating the corrosion in terms of 
mils (0.001 inches) penetration per year, and com- 
paring it with the corrosion obtained under identical 
conditions in the absence of an inhibitor. The effec- 
tiveness may be conveniently expressed as percent 
protection; that is, as the percent reduction of the 
corrosion rate as compared with the test in which 
no inhibitor is added (the “blank’’). 

In the tests reported here, an inhibitor is con- 
idered effective if it gives at least 80 percent pro- 
tection. 


‘igorous Agitation Type Tests 
A mixture of treated hydrocarbon and water is 
igorously stirred with a cylindrical steel specimen 


Figure 2—Mild agitation corrosion test unit. 


Figure 3—Vigorous agitation corrosion test 
unit. 
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immersed therein. After 24 hours the specimen is 
removed and visually examined for evidence of cor- 
rosion. 

The test unit is shown in Figure 3. The test pro- 


cedure and apparatus are described in detail in 
ASTM Specification D665-54. 


Evaluation. The method of evaluation corresponds 
to that given by DeVerter and Jasek® with the ex- 
ception that only R-1 and R-2 are considered pass- 
ing. The ratings R-1 and R-2 are defined as follows: 
R-1: completely rust free, and R-2: trace of few 
rust spots. 


Modifications. The tests reported in this paper as 
“vigorous agitation” tests are modifications of the 
above ASTM D665-54 method. The changes are as 
follows: 


1. Temperature: The temperature at which the 
tests were run was chosen with regard to 
the type of fuel and the service conditions 
being evaluated. 


. Weight Loss Evaluation: One series of tests 
was run substituting a 1 inch by 2 inch by 
22 gauge, SAFE 1010-1020 sandblasted mild 
steel coupon for the regular specimen. The 
specimens were cleaned after the end of 
the test and evaluated by means of weight 
loss. In this series of tests various mix- 
tures of air and oxygen-free (less than 
0.001 percent) nitrogen were bubbled 
through the test fluids. 


3. Military Specification Tests: These tests are 
run according to Mil. Spec. 25017. The 
test procedure is essentially the ASTM 
1D665-54 method except that the fuel is 
isooctane which has been depolarized with 
activated alumina, and after adding the 
test inhibitor, the treated isooctane is 
leached with 10 percent distilled water, 
and the leached fuel used as the hydro- 
carbon phase in the test. The test is run 
at 100 F. This type of test also was run 


TABLE 1—Effect of Agitation on Corrosion Inhibition in a System 
of Synthetic Sea Water and Automotive Gasoline 


DOSAGE (PPM) REQUIRED FOR 
PROTECTION 


INHIBITOR Static 
\ ea ea 50 
B : | > 1000 
( ; > 1000 


Vigorous Agitation 


TABLE 2—Effect of Total Dissolved Solids (T.D.S.) of the Water 
Phase on Corrosion inhibition With Automotive Gasoline (Static 
Test) 


PPM REQUIRED FOR PROTECTION AT VARIOUS 
TDS LEVELS 


10,000 
Deionized 100 ppm _ = 1000 ppm ppm Sea 
INHIBITOR Water NaCl NaCl NaCl Water 
A 25 2 25 25-50 50 
B. 100 > 1000 > 1000 > 1000 
ooo 100 1000 > 1000 
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using various jet fuels and gasolines as 
the test medium. 


The corrosion inhibitors tested, A, B, and C a: 
of the semipolar, organic, film-forming type. All 
commercially available. The results for these thre 
materials are intended to illustrate the type of 
sults which may be obtained over a range of te: 
conditions. These three materials do not exhaust | 
different chemical types of inhibitors which are av: 
able. Different inhibitors might give a different pit- 
tern of test results. 

Inhibitor dosages expressed throughout this paje 
are in terms of parts per million (ppm) based on { 
hydrocarbon. Dosage increments studied vary fro 
test to test but, in general, are 5 ppm below 25 pp 
25 ppm in the range of 25 to 100, and 100 or more 
above 100. 


Results and Discussion 


Agitation 

Table 1 shows the results of tests using different 
degrees of agitation. Static and vigorous agitation 
tests were carried out on an automotive gasoline- 
synthetic sea water mixture. 

The results shown in Table 1 are extremely signifi- 
cant in that they show that the degree of agitation 
in the system may have an important effect on the 
protection afforded by an inhibitor. Thus, while 
inhibitors A, B and C give comparable protection 
under conditions where agitation is present, the latter 
two fail to protect against corrosion at dosages as 
high as 1000 ppm under static conditions. The dosage 
requirements for Inhibitor A are increased from 25 
to 50 ppm. 

From a practical point of view, these results sug- 
gest that in choosing an inhibitor for a specific 
system, the degree of agitation in the system should 
be carefully considered. Thus, for example, storage 
tanks which present a completely static system and 
tankers which have considerable static periods along 
with periods of agitation would need inhibitors which 
function like Inhibitor A, whereas for other systems 
which have continuous agitation or flowing condi- 
tions the corrosion inhibiting properties under static 


TABLE 3—Effect of Water Phase pH on Corrosion Inhibition in a 
System of Synthetic Sea Water and Automotive Gasoline (Mild 
Agitation Test) 


PPM REQUIRED FOR PROTECTION AT VARIOUS 
pH READINGS 


INHIBITOR 3 | 5 7 
A : ; 15 10 
B . : 15 


TABLE 4—Effect of Dissolved Air on Corrosion Inhibition in a Sys- 
tem of Synthetic Sea Water and Automotive Gasoline (Vigorous 
Agitation Test) 


| PPM REQUIRED FOR PROTECTION WITH VARIOUS 


| PERCENTAGES OF AIR IN GAS PHASE 


INHIBITOR 100 Percent 25 Percent 0 Percent 


Ri mcedts é 20 10 10 
Miaiees . 20 10 10 
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TABLE 5—Effect of Temperature on Corrosion Inhibition in a Sys- 
tem of Synthetic Sea Water and Iso-Octane (Vigorous Agitation 


PPM REQUIRED FOR PROTECTION AT VARIOUS 
TEMPERATURES 


[INHIBITOR | 75F 140 F 
” Ace eeesoeee 2 2 30 
ee 35 100 

sateceril : 100 


TABLE 6—Effect of Hydrocarbon Type on Corrosion Inhibition in 
« System of Synthetic Sea Water and Various Hydrocarbons 
oe oe ati 





_PPM REQUIRED FOR PROTECTION 
Auto- 
Iso- | Cyclo- motive No. 2 
| ohibitor 'Heptane| octane hexane /|Toluene| Gasoline | Distillate 


TABLE 7——Effect of Type of Aviation Gasoline on Corrosion 
Inhibition 


PPM REQUIRED FOR 
PROTECTION 
Gasoline | Gasoline | | Gasoline 
INHIBITOR Test Conditions No | a ‘ 
Vigorous Agitation—Syn- 
thetic Sea-Water..... 
Vigorous Agitation—Syn- 
thetic Sea-Water. cs 
Vigorous Agitation—Syn- 
thetic Sea-Water 
Static -Sy nthetic Sea- Water 50 | 250 | 100 
..| Static—Synthetic Sea-Water| > 1000 | >1000 | > 1000 
| Static--Synthetic Sea- Wi ater} a 1000 > 1000 | > 1000 


| Static—De ionized WwW ater...| 25 | 25 | 25 
..| Static—Deionized Water. . 50 | 100 500 
| Static—Deionized Water. . .| 100 | 1000 500 


TABLE S—Effect of Type of No. 4 Jet Fuel on Corrosion Inhibition 


PPM REQUIRED FOR 
PROTECTION 
\Jet Fuel Jet Fuel|Jet Fuel Jet Fuel 
INHIBITOR | Test Conditions No. 1 No. 2 No. 3 
Vigorous Agitation— 
Synthetic Sea-Water.. 
| Vigorous Agitation— 
| Synthetic Sea-Water. .| 
Vigorous Agitation— 
Synthetic Sea-Water. . 
Static—Sy nthetic 
Sea-Water eorena 100 100 2: 100 
..| Static—Synthetic | 
|  Sea-Water ..+.-| >1000 | >1000 | >1000 | > 1000 
Static—Synthetic 
Sea-Water.. nee > 1000 | >1000 | >1000 | > 1000 
Static— Deionized Water 25 50 10 50 
..| Static—Deionized Water 100 250 25 100 
| Static—Deionized Water 100 100 250 50 


TABLE 9—Effect of Time on Corrosion Inhibition in a System of 
Synthetic Sea Water and Automotive Gasoline (Mild Agitation) 


WEIGHT LOSS IN MG./SQ. IN. AFTER VARIOUS 

CONCENTRATION | TIMEL LAPSES 
OF INHIBITOR A - 

IN PPM 7 3 Days 14 Days 


93.4 
67.5 
3. 


5 
) 
1.0 
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conditions afforded by Inhibitor A would not be 
essential. 


Water Composition 


The effect of varying the total dissolved solids 
(TDS) content of the water was studied by the 
static test procedure using automotive gasoline. 
Waters which were used were as follows: 


1. Deionized 

2. One hundred ppm NaCl 
3. One thousand ppm NaCl 
4. Ten thousand ppm NaCl 
5. Synthetic sea water 


Table 2 shows how the dosage necessary to protect 
against corrosion may vary considerably with TDS 
for some inhibitors and only slightly for others. 

In Table 2 it can be seen that whereas all these 
inhibitors were effective to some extent (Inhibitor A 
was more effective than the other two inhibitors 
because of the static test conditions) when the water 
was deionized or when it contained only 100 ppm of 
NaCl, the only one which showed protection when 
the TDS of the water was increased to an appreciable 
amount was Inhibitor A. This suggests that the 
composition of the water present in the system to 
be protected may be a critical factor in the choice of 
inhibitor. 

For the inhibitors tested, there is a gradual de- 
crease in corrosion with increasing pH over the range 
of 5 to 8 as is shown in Table 3. Other inhibitors 
might behave differently in this respect. 

The effect of the pH of the water phase on the 
dosage of inhibitor necessary for protection was 
studied by use of the mild agitation test. The water 
pkase was synthetic sea water adjusted to the de- 
sired pH while the hydrocarbon phase was automo- 
tive gasoline. 


Dissolved Air 

The effect of oxygen, or more correctly that of 
dissolved air, was studied by use of the vigorous 
agitation test modified so as to include measurement 
of weight loss. Three levels of dissolved air were 
maintained: one by continually bubbling air through 
the test fluids, another by bubbling through a mix- 
ture of 25 percent air and 75 percent nitrogen and 
the third using only nitrogen. The water was syn- 
thetic sea water and the hydrocarbon was automo- 
tive gasoline. The results are shown in Table 4, 
which appears to indicate that air has an adverse 
effect on the performance of the organic inhibitors 
checked. This illustrates that the degree of aeration 
is another factor which should be considered in the 
selection of an inhibitor. 


Temperature 

The effect of temperature on protection by corro- 
sion inhibitors was studied by use of the Military 
Spec. Test using isooctane and synthetic sea water. 
Studies were carried out at 75 F, 100 F, and 140 F. 
This temperature effect, shown in Table 5, is an 
extremely interesting one. A rapid change in the 
degree of corrosion inhibition with two of the in- 
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hibitors takes place over a temperature range which 
is not an infrequent one for practical problems. The 
reasons for the sharp drop in protection for these 
inhibitors as contrasted to the other have not yet 
been determined. It is likely that the protective films 
laid down by these inhibitors fail to adhere to the 
metal surface as the temperature rises. The theo- 
retical reasons for this are beyond the scope of this 
paper but probably concern: 


1. The type of bonding between the inhibitor 
and the metal. 


. The adsorption equilibrium between the 
inhibitor and the metal surface. 


. The increased solubility of the inhibitor in 
both the aqueous and hydrocarbon phases. 


. The change in inhibitor configuration as 
its energy is increased along with that of 
the surrounding medium. 


Refined Product Composition 

Two different sets of conditions were studied here. 
In one case, a series of different hydrocarbons were 
compared with an automotive gasoline and a No. 2 
distillate fuel oil. In the other, comparisons were 
made of samples from different suppliers of aviation 
gasoline and JP-4 jet fuel. In both cases, tests were 
carried out by the Military Spec. test procedure, at 
room temperature. Static corrosion tests also were 
made with the aviation gasolines and jet fuels. The 
test results are shown in Table 6 for the different 
hydrocarbons, Table 7 for the aviation gasolines and 
Table 8 for the jet fuels. 

The fact that the effectiveness of a corrosion in- 
hibitor for a hydrocarbon-water system will vary 
with the nature of the hydrocarbon is brought out 
in Table 6. 

The variation in the amount of inhibitor needed 
to protect different samples of aviation gasoline is 
shown in Table 7, while the variation for jet fuels 
is shown in Table 8. For these aviation gasolines, 
the corrosivity differs considerably under static con- 
ditions. Under agitated conditions, the differences 
are not nearly as great. The same sort of effect shows 
up in jet fuels, and here it can be seen that the Jet 
Fuel No. 2 was much more corrosive than the others. 
In most of the test cases, larger dosages of the in- 
hibitors were required for this particular jet fuel 
than for any of the others. 

These data on the effect of hydrocarbon composi- 
tion are of considerable significance. They show the 
importance of evaluating inhibitors on the actual 
products concerned. Not only can differences in in- 
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hibitor performance be expected between different 
kinds of refined products such as gasolines, distillate 
fuels, jet fuels, etc., but appreciable differences cin 
exist in products of the same type. 


Effect of Time 

The change in corrosion rate as a function of 
time was studied by means of the mild agitation 
test. Automotive gasoline was used with syntheii 
sea water. The results for Inhibitor A are shown ‘ 
Table 9. These results are interesting in that afie 
one day, Inhibitor A appears to be only partia'ly 
effective at 5 ppm. However, after three or fourte 
days, the data show that no further corrosion to: 
place. Data obtained in this way, at several conce 
trations of inhibitor, as a function of time, are usef 
in predicting the behavior of a system if the amouit 
of inhibitor added is too small. 

The data illustrate that the time factor is another 
variable which should be considered in the selection 
of an inhibitor and its concentration. 


Summary 


It has been shown that laboratory tests designed 
to study corrosion problems involving refined petro- 
leum products should simulate the corrosive condi- 
tions existing in the particular problems involved. 
Thus variables such as the temperature, degree of 
agitation, type of petroleum product, nature of the 
water and oxygen content of the system may in- 
fluence the choice of proper inhibitors for a specific 
use. The data on the specific inhibitors tested in this 
paper serve to illustrate this point. For these three 
inhibitors, the degree of agitation and the total dis- 
solved solids content of the water were of special 
importance. Other variables might have a marked 
effect on other classes of inhibitors. 
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NACE TECHNICAL COMMITTEE REPORTS 


First Interim Report 


Publication 57-11 


Tentative Recommended Specifications for 


Asphalt Type Protective Coatings 
For Underground Pipe Lines— 
Wrapped Systems 


By NACE Technical Unit Committee T-2H 
On Asphalt Type Pipe Coatings* 


ction 1—Description 


Asphalt wrapped systems for pipe 
es shall consist of a prime coat fol- 
ved by either one or two applications 
asphalt enamel in conjunction with 
e or more layers of reinforcing and 
tective wrappings. An outer wrap 
metimes may be applied in place of 
in addition to the inner wrap. When 
tra protection** is required, additional 
vers or thicknesses of enamel and 
wrapping shall be applied. When rock 
| is encountered, extra protection** 
msisting of selected backfill or pre- 
fabricated rock shields also may be 
ecified. Kraft paper may be placed on 
e outside of the wrap to prevent adhe- 
on to adjacent pipes or other objects. 
.2 The wrapping system shall be se- 
lected by the engineer and shall con- 
form to one of the types specified be- 
WwW: 
a. Where a single wrap is required, it 
shall be constructed according to the 
following system: 


Single Wrap System 
coat of asphalt primer 
coat of hot asphalt 
39 inch + Io 
wrap of asphalt saturated felt 
or asphalt saturated glass 
wrap completely bonded to 
the enamel. 

b. Where a double wrap is required, 
t shall be constructed according to one 
of the following systems: 

Single Coat—Double Wrap System 

1 coat of primer 

1 coat of hot asphalt 
30 inch = Vo 

1 wrap of glass mat (embedded 
in coating) 

1 wrap of asphalt saturated felt 
or asphalt saturated glass 
wrap completely bonded to 
the enamel. 


Double Coat—Double Wrap System 

1 coat of primer 

1 coat of hot asphalt 
30 inch + Mo 

1 wrap of asphalt saturated felt, 
asphalt saturated glass wrap, 
or glass mat completely 
bonded to the enamel. 
coat of hot asphalt 
20 inch minimum 


enamel 
unt 


enamel 


enamel 


enamel 


*Austin S. Joy, Brumley-Donaldson Co., 

Huntington Park, Cal., chairman. 

* Note: The engineer shall specify the loca- 
tion and extent of extra protection 
required. 


1 wrap of asphalt saturated felt 
or asphalt saturated glass 
wrap completely bonded to 
the enamel. 

c. Where more than a double wrap is 
required, the procedure specified in ei- 
ther of the double wrap systems is mod- 
ified to permit additional coatings of 
hot asphalt enamel and wraps of asphalt 
saturated felt, glass mat, or asphalt 
saturated glass wrap. Kraft paper may 
be used for the outside wrap only. 


Section 2—Materials 


2.1 Primer—The primer shall be com- 
posed of a petroleum asphalt base and 
petroleum solvents, suitably blended to 
produce a liquid coating which may be 
applied cold by brushing or spraying 
and which will produce a suitable bond 
between the metal and the asphalt 
enamel. The primer shall have good 
spraying, brushing and leveling proper- 
ties and a minimum tendency to pro- 
duce bubbles during application. It shall 
be homogeneous, free from water and 
shall meet the following requirements: 
Flash Point (Open Tag), °F, 
min 
Furol Viscosity 
esa hae ee ee ek eae 
Distillation: 
Distillate (percent of 
distillate to 680 F) 
"POvssAe ee WME ae cate 
RO4Se Fe TA ss oa ead 
EOTIO Be MOR oe ols Bile ida 
To 600 F, min 


Residue from Distillation to 680 
F, Volume Percent by 
Difference...........30-45 


Tests on Residue from Distilla- 
tion: 

Softening Point (Ring and 

gall), °F 160-225 

Penetration at 77 F 

CIOO/S) wisiiiasorac's0ne ered 

Solubility in CCls, percent, 
min 


2.2 Asphalt Enamel—The asphalt en- 
amel shall be composed of petroleum 
asphalt combined with appropriate inert 
mineral fillers. It shall be uniform in 
character, free from water and shall not 
foam when heated to 400 F. It shall 
meet the following requirements for the 
grade selected by the engineer when 


75 


Abstract 
Descriptions are given of various 
systems using asphalt, physical 
characteristics of primers and coat- 
ings, means of testing characteris- 
tics, recommended application cri- 
teria and handling of material after 
coating. An appendix gives a test 
for settlement of mineral filler in 
hiied asphalt pipe line enamels. 


5.4.5 


tested in accordance with the methods 
hereinafter enumerated: 


Grade A B 
Softening Point (Ring 
and Ball), 
Penetration at 77 F, 
100 g, 5 sec, max......... 7 
Penetration at 115 F, 
50 2. 5 sec, i § 3 
Flash Point (Cleveland 
Open Cup), °F, min 
Loss on Heating at 325 F, 
5 hours, percent, max 
Ash, weight percent 
Settlement (Ratio of ash in 
bottom half to ash in top 
half after 5 hours at 
a ge eee 
Flow Resistance: 
Penetration at 85 F, 100 
hours, inches, max..... 0.02 0.01 
Penetration at 115 F, 6 
hours, inches, max....... 0.04 0.02 
Electrical Resistance, Salt 
Water Immersion, 7 days, 
megohms/ft?, min. 


240-260 


1000 


1000 


2.3 Pipe Line Wrapping—The pipe line 
wrapping shall consist of asphalt satu-' 
rated rag or asbestos felt and either 
unsaturated or asphalt saturated bonded 
fiberous glass mats as_ specified by 
NACE Unit Committee T-2J. Paper as 
may be used for outside wrap shall 
consist of 60 Ib., 100 percent sulfate, 
smooth, unsaturated Kraft. 


2.4 Approval of Materials—Prior to use, 
samples of all materials proposed to be 
used under these specifications shall be 
submitted to the engineer for test and 
analysis and no material shall be used 
until it has been approved by the 
engineer. 
2.5 Methods of Testing—Except as oth- 
erwise noted, methods of testing shall 
be the latest revision of methods adopted 
by the American Society for Testing 
Materials. 
a. Asphalt Primer 
Flash Point—Method of ‘Test Ap- 
proved by Bureau of Explosives, 
AASHO Method of Test T79 


Viscosity—ASTM Method of Test D 
88 
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Distillation—ASTM Method of Test 
D 402 

a ee Method of Test 
DS 

Softening Point—ASTM Method of 
Test D 36 

Solubility in Carbon Tetrachloride— 
ASTM Method of Test D 4, except 
that CCl, is used instead of CS: as 
solvent, Method No. 1. 


. Asphalt Enamel 

Softening Point—ASTM Method of 
Test D 36 

Parnes Method of Test 
oS 

Flash Point—ASTM Method of Test 
D 92 

Loss of Heating at 325 F—ASTM 
Method of Test D 6 

Ash—ASTM Method of Test D 271 

Settlement—See Appendix, Part 1 

Flow Resistance—See Appendix, Part 
2 

Electrical Resistance—See Appendix, 
Part 3 


Section 3—Construction 

3.1 Preparation of Surfaces—All oil and 
grease on the surfaces of the metal shall 
be removed thoroughly by flushing and 
wiping using a fresh petroleum solvent 
and clean rags. After cleaning, the pipe 
shall be protected from and maintained 
free of all oil, grease and dirt from 
whatever source until the pipe has re- 
ceived its final coating. All metal sur- 
faces shall be thoroughly cleaned by 
blasting, or, when permitted by the en- 
gineer, by wire brushing or scraping. 
Surfaces that rust before a priming coat 
has been applied shall be reprepared. 
Adequate air separators shall be used to 
remove effectively all oil and free mois- 
ture from the air supply to the blaster. 
Any pipe showing faults after prepara- 
tion shall be set aside for reconditioning 
or rejection. 


3.2 Asphalt Priming—The use of as- 
phalt primer that becomes fouled with 
foreign substances or has thickened by 
evaporation of the solvent will not be 
permitted. 

The primer shall be applied uniformly 
to the clean, dry surface in a manner 
recommended by the manufacturer and 
approved by the engineer. Any bare 
spots or holidays shall be recoated with 
an additional application of the primer. 

The engineer shall require the pipe to 
be reprimed if undue delay beyond the 
manufacturer’s recommendations or sur- 
face contamination occurs between the 
application of the prime coat and the 
enamel application. When the primer 
has dried to an extent acceptable to the 
engineer, the first flood coat may be 
applied. 


3.3 Asphalt Base Pipe Line Coating 
Application—The enamel shall be heated 
in kettles approved by the engineer and 
equipped with accurate and easily read 
thermometers. 

The enamel shall not be overheated 
nor shall it be held in the kettle for an 
excessive period of time. Operating ket- 
tles shall be completely emptied at least 
once each day and cleaned, when neces- 
sary, before another charge of unmelted 
enamel is added; except, in the practice 
of field patching, the engineer may per- 
mit continuous use of a heating kettle 
not exceeding 50-gallon capacity. 

The enamel shall be maintained mois- 
ture and dirt free at all times prior to 
and during the time of heating and 
application. 
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In initially loading the kettles the 
enamel shall be broken into pieces not 
exceeding 20 pounds each. 

In heating the enamel the charge shall 
be melted and brought up to application 
temperature without injury to the en- 
amel and in a manner approved by the 
engineer. The hot enamel shall be thor- 
oughly and continuously stirred. A 
patching kettle, 50 gallons or smaller, 
shall be thoroughly stirred with an iron 
paddle at intervals not exceeding 15 
minutes. 


3.4 Application of Wrappers—The 
wrapping shall be applied in a uniform, 
snug fitting spiral pattern, immediately 
following the application of the hot 
enamel. 

In the single wrap system the asphalt 
saturated felt or asphalt saturated glass 
wrap shall be applied simultaneously 
with the hot asphalt enamel and remain 
on the outside surface of the coating. 

In the single coat-double wrap system 
the glass mat shall be applied first and 
completely embedded in the enamel; 
immediately thereafter, the asphalt satu- 
rated felt or asphalt saturated glass 
wrap shall be applied and completely 
bonded to the enamel. 

In the double coat-double wrap sys- 
tem the asphalt saturated felt, asphalt 
saturated glass wrap, or the glass mat 
shall be applied to the first coating; im- 
mediately thereafter the second coating 
shall be applied and the asphalt satu- 
rated felt or asphalt saturated glass 
wrap immediately applied and com- 
pletely bonded to both inner and outer 
wraps. 


3.5 Wrap—The overlap at the edges of 
the wrap shall be as specified by the 
engineer. No wrinkling in the wrap 
shall be allowed and all end laps shall 
be cemented down with hot enamel by 
an excessive squeeze out to obtain a 
firm wrapping. All defective spots in 
the pipe coating shall be repaired to the 
satisfaction of the engineer. All coating 
and wrapping operations shall be sub- 
ject to the approval of the engineer. 
Samples shall be cut from the coating, 
at the engineer’s discretion, for deter- 
mination of thickness and bond of en- 
amel and wrap. After the enamel and 
wrap have been applied, a test with an 
electric holiday detector shall be made 
and all coating defects shall be patched 
as directed by the engineer. 


3.6 Electrical Inspection—An electrical 
inspection of the completed coating 
shall be made in accordance with pro- 
cedures to be established by the T-3D-1 
Committee of NACE. 


3.7 Handling Coating Material and 
Coated Pipe—All materials shall be 
transported and stored in such a man- 
ner as to prevent damage or contamina- 
tion. 

The coated pipe shall be handled in 
such a manner as to minimize damage. 
Wherever the coated pipe is supported, 
it shall be by means of slings or skids 
approved by the engineer. All bearing 
areas shall be inspected and damaged 
areas repaired. 

Whenever the bottom of the ditch 
contains projecting rocks or hard ob- 
jects which might puncture the protec- 
tive coating, where there exists soils 
that have large volume variations with 
moisture content (e. g., adobe, clay, 
etc.) the bottom of the ditch shall be 
padded with a minimum of six (6) 
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inches of backfill material free of soils 
having a large volume variation with 
moisture content and free from hard 
objects that might damage the coating, 

The coated line shall be lowered in 4 
manner satisfactory to the engineer, 

The ditch shall be backfilled arou 
the pipe and to a depth of at least o: 
pipe diameter above the top of the pipe 
unless otherwise directed by the engi 
neer, with material free from soils ha 
ing a large volume variation with mois 
ture content and hard or sharp objec: 
which may damage the coating. 

Where directed by the engineer, tie 
use of a “rock shield” or additional lay- 
ers of enamel and wrapping material 
may be substituted for 1) padding tlie 
bottom of the ditch and 2) using s:- 
lected backfill materials. 

Backfilling shall be conducted at a’! 
times in a manner to prevent damage 
and abrasion to the exterior protection 
on the pipe. 


3.8 Special Operation—Pipe sections 
couplings, or fittings shall be joined 
together and protected in a manner ac 
ceptable to the engineer. However, on: 
extra thickness of enamel and wraj 
shall be required for all sections wher« 
the protection is manually applied. 


3.9 Special Provisions for Shop-Pro- 
tected Pipe—Shop coated pipe shall at 
all times be stored and transported in 
such a manner as to prevent damage to 
the coating. 

The length of pipe to be left bare at 
ends shall be in accordance with in- 
structions supplied by the engineer. The 
exterior coating edges at ends of the 
pipe shall be scraped and_ feathered 
from the bare or primed surface to full 
thickness of the protective coating over 
a distance of not less than one (1) inch. 

Pipe shall be stored along the trench 
side on wooden timbers placed under 
the uncoated ends of the pipe to hold 
the pipe off the ground. 


3.10 Equipment—All equipment used in 
these operations shall be of a type satis- 
factory in all respects to the engineer. 
No equipment shall be used which may 
cause undue damage to the pipe or pro- 
tective system. 


3.11 Miscellaneous Provisions—W here 
river weights, supporting or anchoring 
devices, or special coating material are 
used, they shall be attached or applied 
in such a manner as not to damage the 
protective coating. 

Mill coated pipe shall have a reflective 
surface adequate to minimize softening 
due to sunlight. 


Section 4—Cathodic Protection 


4.1 The engineer shall determine the 
extent of cathodic protection required. 


4.2 When cathodic protection is in- 
stalled, it shall be installed in accord- 
ance with procedures to be established 
by the T-2C Committee of NACE. 


Section 5—Maintenance 

5.1 Cathodic Protection—The degree of 
cathodic protection which may be estab- 
lished shall be maintained in accordance 
with the procedures established by the 
T-2C Committee of the NACE. 


5.2 Coating Repairs—When excavations 
are made for leak repairs, tie-ins, lateral 
connections, or any other purposes, all 
damaged or deteriorated coatings shall 
be repaired. 
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APPENDIX 


1. Method of Test for Settlement of 
Mineral Filler in Filled Asphalt Pipe 
Line Enamels 


ope 

1) This method is intended to meas- 
e the degree of settlement of mineral 
llers from asphalt enamels containing 
iely divided mineral fillers for the 
ating of pipe lines. 


pparatus 
2) The apparatus shall consist of the 
lowing: 

a. Glass Test Tube—The glass 
test tube shall be approxi- 
mately 25 mm (1 inch) O.D. 
and 200 mm (8 inches) long. 

b. Oven—The oven shall be ca- 
pable of maintaining a tem- 
perature of 400 F = 9 F. 

c. Test Tube Holder—The test 
tube holder shall be capable 
of supporting one or more 
test tubes in a vertical posi- 
tion during the heating and 
subsequent cooling periods. 


rocedure 

3) A representative sample of the as- 
halt pipe line enamel shall be carefully 
eated to 400 F, stirring to avoid local 
verheating and to insure thorough mix- 
ng and poured into the test tube to a 
epth of approximately 175 mm (7 
iches). The test tube and contents 
hall be placed in the holder in the oven 
ind maintained in a vertical position for 

hours at 400 F + 9 F. The sample 
hall then be cooled for one hour at 
oom temperature, after which the ash 
ontent shall be determined for the bot- 
om half and for the top half. The ash 
ontent determination shall be  con- 
lucted according to ASTM Method of 
Test D271. The Settlement of Mineral 
Filler shall be reported as the ratio of 
the ash content of the bottom half to 
he ash content of the top half. 


2. Method of Test for Resistance of 
Asphalt Pipe Line Coatings to Flow 
Under Soil Stress 


Scope 

1) This method is intended to meas- 
ure the resistance of asphalt pipe line 
‘oatings to flow under the conditions of 








temperature and load encountered by 
coatings on buried pipe lines. 


Principle 


2) The resistance to flow is deter- 
mined by measuring the distance that a 
%-inch diameter, flat-ended, cylindrical 
brass rod, exerting a pressure of 2 
pounds per square inch, penetrates a 
sample of the coating at a temperature 
of 85 F = 1 F during a period of 100 
hours. 


Apparatus 


3) The apparatus shall consist of the 
following: 

a. Water Bath—A water bathca- 
pable of being maintained at 
temperatures of either 85 F 
= 1 F or lis. = iF. 

b. Container—A shallow con- 
tainer, cylindrical in shape 
and having a flat bottom, in 
which the specimen is tested. 
The inside depth of the con- 
tainer shall be somewhat 
greater than 0.125 inch and 
the inside diameter shall be 
greater than 2 inches. 

c. Penetration Rod—A flat- 
ended cylindrical brass rod 
0.250 = 0.002 inch in diame- 
ter and weighing 0.100 = 
pound. 

d. Depth Gage—A depth gage 
reading to 0.001 inch for 
measuring the penetration of 
the rod into the coating. 

e. Support—Any supporting ap- 
paratus that will allow the 
sample of coating to remain 
in a fixed horizontal position 
in the water bath and the 
rod to penetrate vertically 
without appreciable friction, 
may be used. One part of 
the support should be suit- 
able for attaching the depth 
gage which is used to deter- 
mine the distance that the 
rod penetrates into the 
sample. 


Preparation of Sample 


4) The sample shall be melted at the 
lowest possible temperature and poured 
into the container to a depth of 0.125 = 
0.020 inch. The container and its con- 
tents shall be allowed to cool in air for 
one hour and shall then be placed on 
the support immersed in the water bath 
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and maintained at a temperature of 
85 F = 1 F for one hour. 


Procedure 


5) With the sample still on its sup- 
port in the water bath, the end of the 
penetration rod shall then be placed on 
the surface of the coating and its initial 
elevation reading shall be read from the 
depth gage. Care shall be taken that the 
rod is not placed on a bubble or surface 
irregularity. A final reading of the ele- 
vation of the rod shall be taken after 
100 hours have elapsed. The difference 
between the two readings shall be re- 
corded as penetration in units of 0.001 
inch, 100 hours, 85 F, 2 pounds per 
square inch. The average of at least 
three tests, whose values do not differ 
by more than 0.002 inch for penetra- 
tions less than 0.01 inch or by more 
than 0.004 inch for penetrations greater 
than 0.01 inch, shall be recorded in 
inches. The resistance to flow at 115 F, 
6 hours, 2 pounds per square inch, shall 
be determined in a similar manner. 


3. Method of Test for Determining the 
Electrical Resistance of Asphalt Pipe 
Line Coating 


Scope 

1) This method is intended to deter- 
mine the electrical resistance of asphalt 
pipe line coatings when tested under 
standard conditions. 


Preparation of Sample 


2) The sample of coating shall be 
brought to the specified application tem- 
perature and immediately applied, at a 
uniform thickness of g-inch, to the 
exterior of a capped %-inch by a 6-inch 
steel nipple and to within one inch of 
the open end. 


Procedure 


3) Three inches of the coated section 
shall be immersed in a %o normal so- 
dium chloride solution for one week. At 
the end of this period, the electrical 
resistance of the pipe line coating to 
the passage of current between the so- 
dium chloride solution and the metal 
nipple, when under a potential gradient 
not exceeding 6 volts, shall be measured 
by an ohmmeter having a minimum 
range of 10 megohms. The electrical 
resistance of the coating shall be re- 
corded in megohms per square foot. 
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PREVENTIVE MEASURES, CA e 
nas mens Now Available 


Partial protection is also very desirable in many cases in- 
volving poorly coated lines and can be justified by reductions 
in sinking fund deposit factors due to increased pipe life, in 1952-53 
addition to usual savings in operations. 
Electrical engineers should anticipate that cathodic protec- 
tion will effect savings in other corrosion areas. Power plant 
equipment, cables, substations, docks, ships and other situations RAPHIC 
involving metals in contact with soils and solutions are fertile ‘ 
fields for the application of cathodic protection and modern mi 


techniques of corrosion control pre 
5.2.1-56 CORROSION CONTROL OF STEEL EQUIP- wine SURVEY 
MENT. T. R. B. Watson. Can. Chem. Processing, 37, No. 10, retin 
16, 48, 50, 52, 54 (1953) Sept. ing 1 
Describes causes of corrosion and discusses control by means of 
of cathodic protection 


3.2.1-57 CATHODIC PROTECTION LICKS CORRO- 51-1: 4: 
SION. L. C. Werkin. Petroleum Refiner, 31, No. 9, 122-124 3. : CORROSION 
(1952) Oct. 44; 8.4.2-8; 8.4. 
Cathodic protection, a positive, controllable and inexpensive . 
method of preventing corrosion. There is real money in reduc- s 
ing these losses caused by corrosion-maintenance, replacement a PREVENTIVE 
costs, over-design of equipment, and product losses. Refinery PROTECTION, ANC 
management and technical personnel must be keenly aware of a. General ‘ 
the creeping inroads of corrosion, and alert to any feasible b. Magnesium d 
solution to the problem. Table showing cost estimates and 
savings resulting from its use on a large open-box-type refinery 5.2.2-1 CATHODIC PRO? 
condenser and a large diameter Dorr clarifier. 9 refs ANODES. Brochure, June, 1953 
tute, 60 East 42nd Street, New 
PROTECTION OF STEEL. F. Merits of zinc anodes (con 
H. C. K. Ison and T. W. Farrer. and with rectified systems) ir 
No. 40, 972-974 (1952) Oct. 4. ing distribution piping, tr? 
rrent and potential requirements for condensers. Practical ~ 
ecl in sea water and in the presence Intended ae 
PRICES -rotection of mild steel in + Galvanic ' . . 
ly stages at a relatively noble 
nsity is sufficiently high, 5.2. Topically Arranged : Ar 
sh a steel anode. If a TAN 2 ste 
Nace Members eae aa ae Topically Cross-Indexed lent 


$10 scams |e Alphabetically Indexed 
a Author Index 
on-Members eaeaiee 


Page size 8x11 


$12. 50 9. sae 
ved-cis “Find Published Information Easily 


Each reference gives complete information for obtaining a copy of 
Buy More Than One Volume be ” . eet: 
the original article. Arrangement of material and indexing facilitate 


and Save 10% searching. Domestic and foreign periodicals, books and other litera- 


ture are covered. 
ORE THAN 15,000 articles on corrosion 
and corrosion prevention have been ref- 
erenced in the five Bibliographic Surveys pub- 


lished to date. If you are concerned with Send orders and remittances to 
corrosion work, consider buying more than one 


volume and save 10%. (This does not apply to 


See rT ee NATIONAL ASSOCIATION 


1950-1951 volume, containing 4454 $10 
of 


abstracts, NACE members 
(Non-members $12.50) 
1948-1949 volume, containing 3512 C Oo ee R @) S$ { oO i E As G i al & & - & 
abstracts, NACE members $10 
(Non-members $12.50) 
1061 M & M Bldg. Houston 2, Texas 
1946-3947 volume, containing 3362 
abstracts, NACE members $ 7 
(Non-members $9) © Foreign remittances should be by international postal or express money order or 


1945 volume, containing 1086 § 4 bank draft negotiable in the U. S. for an equivalent amount of U. S. funds. 


ide hen members © In addition to the prices shown there is a charge of $.65 per package for sending 
(Non-members $5) volumes by registered book post to addresses outside the United States, Canada and 
Mexico. 





67 Committee Sessions Are Held at St. Louis 


undreds of members of NACE technical committee thronged through 
e halls of St. Louis Sheraton-Jefferson Hotel Sunday and Monday at- 
nding meetings. Sessions of other committees continued during Tues- 
iy, Wednesday and Thursday at Kiel Auditorium. 
The early start Sunday helped some avoid the conflicts, inevitable in 
ost cases, which plagued those who needed to be in two or more places 
the same time. Those who tried to get to more than one session meet- 
g the same time found distances somewhat shorter than has been the 
ise at other meetings—and some reported success. 


Proceedings at sessions were enlivened 

the recent rapid publication of re- 
rts. Many groups said reports either 
ere complete and ready for publica- 
on or were rapidly nearing that stage. 
Among the groups reporting that their 
ndings were ready for publication, or 
early so were: 

T-5A on Corrosion in the Process 
ndustries said its task group on acetic 
cid has completed its report and ex- 
ects it to be presented at a regional 
neeting or the national NACE meeting 
n San Francisco next March. 

The hydrofluoric acid task group of 
his committee has finished a report and 
vill publish it soon. The nitric acid 
sroup is preparing a report to be pre- 
sented at the San Francisco meeting. 

An enlarged numbering system for the 
identification of plastic materials pre- 


pared by T-5D was discussed. A part of 
the system is to be published soon. A 
questionnaire circulated on plastics in 
the chemical process industries by T- 
5D’s group on plastic materials of con- 
struction has produced results which 
have been analyzed and are near com- 
pletion. 

T-3G-1 on Cathodic Protection of 
Ship Hulls has revised its report on 
cathodic protection of hulls for publica- 
tion. 

A chart outlining characteristics of 
and making recommendations for coat- 
ings in marine atmospheres has been 
completed and approved for publication 
by T-6C on Marine Coatings. 

T-3B on corrosion products is work- 
ing on new bibliographies of corrosion 
products and is preparing a compilation 
of identification tests for corrosion prod- 
ucts. 


T-9 on Marine Biological 
Deterioration Approved 


The Marine Borer Conference will be- 
come affiliated with NACE as T-9 on 
Marine Biological Deterioration. The 
group, after balloting on the question, 
decided NACE offered the best oppor- 
tunity for development of its aims. Its 
technical material will be presented at 
NACE meetings. 


AT ST. LOUIS COMMITTEE MEETINGE: Upper 
left, at T-2E coupons exposed in products pipe 
lines are discussed, left to right, A. W. Jasek, 
Humble Pipe Line Corp., Houston, vice-chair- 
man; Ivy M. Parker, Plantation Pipe Line Co., 
Atlanta, chairman; W. S. Quimby, Texas Com- 
pany, New York. At T-6B meeting (upper 
right) H. C. Dick, Products Research, Service, 
Inc. New Orleans presides. Lower left, T. R. 
Stilley, Good-All Electric Manufacturing Co., 
Ogalalla, Neb., chairman presides at a T-6B 
meeting. Lower right, T-5D meets with S. W. 
Mcllrath, Diamond Alkali Co., Cleveland, 
presiding. 
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Corrosive liquids flow from pipe through fittings or valves without touching metal in saran lined piping. 


You can see why saran lined pipe stops shutdowns 


It’s corrosion-resistant saran locked within rigid non-bursting steel 


By preventing corrosion. saran lined pipe can stop shutdowns 
—save labor costs and production loss. 


Here is a pipe that resists commonly used acids, alkalies and 
many other corrosive liquids while having the strength of 
steel. It can withstand working pressures up to 300 psi. Cast 
iron and malleable ircn fittings and valves are available for 
pressures up to 150 psi. If you have a high-pressure problem 


in your operation, cast steel fittings and valves are available 
for pressures up to 300 psi. 


You'll save labor costs, too, in fabrication. Saran lined pipe 
can be cut and threaded with conventional hand tools. 


For tomorrow’s protection today investigate saran lined pipe. 
THE DOW CHEMICAL COMPANY, Midland, Michigan. 
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SARAN LINED PIPE COMPANY 
DEPT. SP1592D 

2415 BURDETTE AVENUE 
FERNDALE 20, MICHIGAN 
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Please send me information on saran lined pipe, fittings and valves. 


Company-_ 
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YOU CAN DEPEND ON 





NACE NEWS — 


Chicago October Meeting Plans Are Discussed 


PLANS FOR NORTHEAST REGION’S May 20-22 Conference to be held at Syracuse University, 
New York are being formulated by this group of NACE members from Central New York Section 
ond the university. Left to right they are: Standing, R. V. Jelineck, Syracuse University; O. R. 
Broberg, Lamson Corp.; F. C. Jelen, Solvay Process Division; B. W. Smith, Burns Supply Co.; 
C. C. Ward, Johns-Manville Corp.; R. E. Hewitt, Hotel Syracuse. Seated, Eleanor Ludwig, 
Syracuse University; Andrew Kellogg, Niagara Mohawk Power Corp.; H. P. Munger, Syracuse 
University; Carolina Ward, Johns-Manville Corp. Absent at the time the photograph was 
taken was Jack Burns of Burns Supply Co. 


Emphasis on Materials Selection Is Aim at 
Northeast Region's Conference at Syracuse 


Emphasis will be on materials selec- 
tion at the May 20-22 Northeast Region 
NACE Conference to be held at Syra- 
cuse University, Syracuse, N.Y. The 
central theme of the conference “Cor- 
rosion Control by Choice of Maierials,” 
is apparent in early arrangements made 
for the program. 

Central New York Section NACE, 
which is making plans for the meeting 
in cooperation with Syracuse University 
personnel, also has scheduled plant tours 
vith both Solvay Process Division and 
Carrier Corporation. 

\ program for ladies has been ar- 
ranged including a luncheon and dem- 
onstration May 20 and a tour of the 
Onondaga Pottery Company May 21. 

Among the scheduled items on the 
technical program are: 

Monday, May 20 
Welcoming addresses, F. C. Jelen, Sol- 
vay Process Division, Allied Chemical 

& Dye Corp., Central New York Sec- 

tion chairman; J. D. Bird, The Damp- 

ney Co., Boston, Northeast Region 
chairman and R. A. Galbraith, Dean, 

College of Engineering Syracuse Uni- 

versity. 

orrosion Principles, R. V. Jelinek, 

professor of Chemical and Metallurgi- 

cal Engineering, Syracuse University. 
hemical Inhibitors, George E. Best, 

Mutual Chemical Division, Allied 

Chemical & Dye Corp., Baltimore. 
election of Coal Tar Coatings for Pro- 

tection of Metals in Underground 

Service, N. T. Shideler, Pittsburgh 

Coke & Chemical Co., Pittsburgh. 
election of Materials for Use in High 


Purity Water Systems at Elevated 
Temperatures, J. F. Eckel, Depart- 
ment of Metallurgical Engineering, 
Virginia Polytechnic Institute. 

Corrosion and the Designation of Cor- 
rosion Products in a High Pressure 
Power Plant, R. C. Tucker, Niagara 
Mohawk Power Corp. 

Tuesday, May 21 

Materials Selection Problems in the 
Chemical Industry, F. L. Whitney, 
Jr., Monsanto Chemical Co., St. Louis. 

Effect of Choice of Materials on Lead 
Cable Sheath Corrosion, T. J. Mait- 
land, American Telephone & Tele- 
graph Co., New York. 

Effects of Moisture on Wax Coatings, 
Joe Surcheck, Dearborn Chemical 
Company. 

Cathodic Protection, by a speaker to be 
selected. 

Plastics in 
Chamberlain, 
Inc. 

Valves in 


Service, K. V 


Corrosive G 
Turns Plastics, 


Tube 


Corrosive Service, W. E. 
Heilig, William Powell Co. 

Round Table Discussion: C. A. Erick- 
son, Peoples Natural Gas Co., mod- 
erator; panel: Burke Douglas, Dow 
Chemical Co.; R. M. Keller, Atlantic 
Pipe Line Co.; N. T. Shideler, Pitts- 
burgh Coke & Chemical Co.; L. P. 
Sudrabin, Electro Rust-Proofing 
Corp. and L. K. Yerger, Niagara 
Mohawk Power Corp. 

Opening sessions will be in the Max- 
well Auditorium, Syracuse University. 
Additional information is available 
from: Orrin R. Broberg, Lamson Corp., 
Svracuse 1, N.Y. 
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Committee Forecasts 
Strong Program at 
Regional Session 


The General Arrangements Commit- 
tee responsible for the October 1-4 
North Central Region Meeting in Chi- 
cago at monthly meetings since Sep- 
tember has established most of the im- 
portant items on the program. R. B. 
Janota, Swift & Co. and P. E. Henne- 
berry, Amercoat Corp., co-chairmen, re- 
port members of Chicago Section are 
enthusiastic and eager to make the 
meeting a success. An exhibition is 
scheduled to be held concurrently with 
the meeting. 

Resources of the Mid-West in men 
experienced in corrosion technology will 
make possible a strong program. 
Among the eight scheduled symposia 
is one on fundamentals, papers for 
which will be prepared by men working 
in the numerous industrial research and 
educational centers nearby. The other 
Symposia are on Public Utilities, Ca- 
thodic Protection, Transportation, Pro- 
tective Coatings, Water Treatment, Re- 
fineries and Pipe Lines. 

Also scheduled are round table ses- 
sions and several meetings of technical 
committees. 

Special arrangements for registering 
on Monday evening preceding the first 
day of the meeting are being made. 
This is expected to take the place of 
pre-registration and reduce the long 
lines of persons waiting to register on 
the morning of the opening day. A com- 
bination badge and program is being 
developed to eliminate the familiar 
pinned identification badge. 

Announcement of the details of the 
social hour and banquet will be made 
during the summer and arrangements 
have been made for a ladies’ program 
that will not intefere with shopping. 


Evening Sessions Set for 
San Diego Short Course 


Two evening sessions will be held in 
a corrosion short course to be given in 
conjunction with Western Region’s Oc- 
tober 23-25 Seventh Annual Western 
Regional Conference at U. S. Grant 
Hotel, San Diego, Cal. The sessions, to 
be held October 22 and 23 is directed to 
field and non-technical men but should 
interest technically trained men as well. 
Large attendance is expected at the eve- 
ning sessions. 

The conference, organized to include 
parallel sessions as in 1956, will include 
the customary social hour and banquet 
October 24. 


Air Pollution Agenda 


Air pollution and radiation effects 
will be among the topics discussed dur- 
ing the Twelfth National Industrial 
Health Conference to be held at Kiel 
Auditorium, St. Louis, April 20-26, 
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Papers for 1958 San Francisco Technical 
Program's 16 Symposia Being Sought Now 


Papers are being sought now for 
presentation at the 14th Annual NACE 
Conference at San Francisco. Sixteen 
symposia have been scheduled tenta- 
tively by E. D. Verink, Jr., Aluminum 
Company of America, Pittsburgh, in- 
cluding three symposia not included in 
programs in recent years. 

Three symposia, Marine, Pulp and 
Paper and Aircraft Industry, are sched- 
uled to be held on the morning of Fri- 
day, March 21. 

The tentative schedule of symposia 
has been announced as follows: 
Tuesday, March 18—Chemical Industry 

(Part 1), Oil and Gas Productihon, 

Protective Coatings, Refinery (Part 

1), Pipeline. 

Wednesday, March 19—Corrosion In- 
hibitors, Corrosion Principles, Refin- 
ery (Part 2), General Corrosion, 
(Part 1), Chemical Industry (Part 2), 
Cathodic Protection. 

Thursday, March 20—Elevated Tem- 
perature, Plastics, General Corrosion 
(Part 2), High Purity Water, Power 
and Communication, General Corro- 
sion and Pipeline Round Tables. 

Friday, March 21—--Marine, Pulp and 


NACE Has No Copies 
Of Conference Papers 


No copies of papers presented at the 
13th Annual Conference are available 
from NACE, Authors of papers some- 
times prepare preprint versions of their 
papers in which cases copies may be se- 
cured from authors. Persons interested 
in technical material presented are 
urged to consult CORROSION in which 
all papers approved by the NACE Edi- 
torial Review Subcommittee and the 
editor of CORROSION will be published 
after they are approved. Non-members 
of NACE may subscribe to CORROSION 


at rates indicated in this issue. 


Paper and Aircraft Industry. 

Another innovation tentatively sched- 
uled is holding the General Corrosion 
and Pipeline and Underground Corro- 
sion Round Tables from 7:30 to 9:30 
pm Thursday. 

Also planned are three education lec- 
tures to be given beginning at 4:30 pm 
on Tuesday, Wednesday and Thursday. 

The Fellowship Hour is planned for 
Tuesday night and the annual banquet 
for Thursday night. The general busi- 
ness meeting is scheduled to be held 
beginning at 11:30 am Wednesday. 

As usual meetings of technical com- 
mittees are planned for Sunday and 
Monday all day. 


Irish Talks on Pipeline 
Coatings at Shreveport 


Approximately 36 members and guests 
attending the February 26 meeting of 
East Texas Section heard L. B. Irish, 
of Trish Engineering Service, Shreve- 
port, Louisiana, speak on Protective 
Coatings for Pipe Lines. Mr. Irish de- 
scribed coating and wrapping materials 
and the methods of application and 
effect of extreme temperatures. 

Mr. Irish stressed the importance of 
using cathodic protection in conjunc- 
tion with protective coatings on pipe 
lines and pointed out, protective coat- 
ings alone would tend to intensify cor- 
rosion at holidays, and that leaks would 
occur sooner than in bare pipe. Cathodic 
protection of bare pipe in long lines 
often is prohibitive in cost, Mr. Irish 
said, because protective coating reduces 
current requirements to the point that 
cathodic protection and protective coat- 
ing used together are economical. 

es 
Widespread and growing interest in 
corrosion control stems from the need 
to protect the ever-growing volume of 
metals exposed in modern industrial 
plants. 
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st 


North Texas Section. How to Ey: 
uate Corrosion Inhibitors, Jay S 
mons, Sun Oil Co., Dallas. At F 
Worth. 


Shreveport Section. Review 
NACE meeting papers, Ned Stea: 
D. E. Stearns Co., Washingt 
Youree Hotel. 


Pittsburgh Section. Mellon Institt :e. 


Chicago Section. Internal Corros' on 
and Its Measurement, G. A. Mar-h, 
Pure Oil Co., Crystal Lake, Ill. 


Cleveland Section. Atmospheric 
Corrosion, R. B. Hoxeng, U. 5. 
Steel Corp. 


Detroit Section. Industrial Mainie- 
nance Paint Development, S. 

Gajownik, Sherwin-Williams Paint 
Co. Dinner. Annual paint meeting. 


Central Oklahoma Section. 


Sabine-Neches Section. Protective 
Coatings panel. Little Mexico Res- 
taurant, Orange, Texas. 

May 

2 Pittsburgh Section. Specifications 
and Testing of Tank Linings, W. 
P. Cathcart, Tank Lining Corp. 
Mellon Institute, 
Philadelphia Section. 
The Duriron Co. 
Club. 
Greater Boston Section. Specto- 
graphic Analysis to Detect Corro- 
sion, Linwood Eikren, Baird Asso- 
ciates. Election of officers. Hotel 
Beaconsfield. 
Detroit Section. Demonstration and 
lecture on microwaves, transistors 
and the solar battery, Herbert 
Bumpus, Michigan Bell Telephone 
Co. 
Kanawha Valley Section. Titanium 
—Fabrication and Corrosion Resist- 
ance, William Lusby, E. I. duPont 
de Nemours & Co., Inc. Topette 
Drive In, Route 60. 
Chicago Section. Value of NACE 
Membership, W. F. Fair, Jr., Kop- 
pers Co., Inc., NACE past-presi- 
dent. A film on laying a water line 
in Colorado will be shown also. 
Cleveland Section. Epoxy Resin 
Coatings, Ralph Madison, Truscon 
Laboratories. 
Sabine-Neches Section. 
of Human 
Little 
Texas. 
Central Oklahoma Section. 
date—North Texas Section, 
picnic. 
Lehigh Valley 


Walter Luce, 
Poor Richard 


Importance 
Relations in Industry. 
Mexico Restaurant, Orange, 


annual 


Section. Plant tour. 


Teche Section Hears Stone 
On Corrosion in Oil Wells 


The February 27 meeting of the 
Teche Section was held in the Lafayette 
Petroleum Club. John D. Stone of Sun 
Ray-Mid Continent Oil Company, Ben- 
ton, Louisiana, spoke on Corrosion in 
Oil and Gas Wells, Methods of Deter- 
mining Corrosion Damage and Methods 
of Treating. 
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Materials With High 
First Cost Often Prove 
Most Economical 


Vhen initial material cost is related 
to expected life and maintenance ex- 
pevse, high first cost materials often 
prove to. be most economical. This point 
o' view was expressed by J. R. Schley, 
H vnes Stellite Company at a February 
1° meeting of Chicago Section attended 
bh: 55 members and guests. Mr. Schley, 
ta ing on Nickel Base Alloys for Se- 
vi Corrosion Service, covered briefly 
de. elopment of Hastelloy’s A, B, C, D, 
F ind F series, and the environments 
in vhich they could be expected to per- 
fo.m_ best. 

lastelloy’s test program includes ex- 
p ure of thousands of panels. 

ypical corrosion problenmis, illustrated 
wh slides, were described by Mr. 
S: \ley, with indications of the kinds of 
m. terials used successfully in solving 
th om. 
ive new members were introduced, 
chairman of a nominating commit- 
te. was named and members were asked 
to return interest questionnaires to help 
planning future programs. 
he Fellowship Hour was sponsored 
b. M. W. Kellogg Co. with F. M. 
Ruggles and senior host and D. L. 
linean assisting. 


sa 


Aluminum Alloys’ Properties 
Are Discussed at Denver 


Ralph L. Horst, Aluminum Company 
- ot America presented a talk on Physical 
aud Chemical Properties of Aluminum 
\lloys and Their Applications in Indus- 
try at the February 1 meeting of Rocky 
Mountain Section in the Olin Hotel, 
lyenver, Colorado, attended by approxi- 
mately 42 members and guests. 
q During the business portion of the 
niceting preceding Mr. Horst’s presenta- 
tion, Harold Doll, chairman of the sec- 
tion nominating committee presented 
the following selections as officers to 
serve in 1957: John R. Hopkins, Pro- 
tecto-Wrap Company, chairman; Paul 
- Lewis, Bureau of Reclamation, vice- 
' chairman;and Herbert Goodrich, Amer- 
ican Telephone and Telegraph Com- 
pany, secretary-treasurer. 


300 Attend Philadelphia 


Section’s February Meeting 


The February 5 meeting of the Phila- 
lelphia Section held in the Poor Rich- 
ird Club was attended by approximately 
300 members and guests. Francis J. 
Honn, M. W. Kellogg Company gave 

technical discussion and demonstrated 
he industrial applications of Kel-F. He 
poke first from a chemist’s point of 

ew and told of the theoretical reasons 

r Kel-F’s high resistance and later 
vent considerable time demonstrating 

ethods of application. 

\lbert S. Barnes of the Bell Tele- 

one Company of Pennsylvania gave 

35-minute talk on the applications of 
‘ie transistor to modern communica- 
mn, 
2 

irganizations of corrosion engineers 

ive been founded in England, France, 

ermany, Italy, Australia and Japan 
nce NACE was established. 
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BUY the protection you need 
.. not what you are SOLD! 





Federated’s interest in corrosion control is not limited to 
any single product. Our products cover the entire range of pro- 
tective non-ferrous metals. 

So when you need effective corrosion control, our recom- 
mendations are unbiased. Our metallurgists work with, and our 
plants produce, ail of the following supplies: 

GALVANIC ANODES Magnesium and Zinc are designed and made 
by Federated to protect pipelines and other buried struc- 
tures ... to control corrosion of pilings, piers, ships’ hulls 
and ballast tanks exposed to salt water. 

LEAD SHEET, PIPE AND FITTINGS designed and fabricated by 
Federated for residential, general industrial and chemical 
handling applications. 

ZINC AND ZINC ALLOYS for galvanizing, die casting and other 
purposes... and zinc dust for paints. 


COPPER AND ALUMINUM ALLOYS for pipe, fittings, valves, roof- 
ing, screening, pole line and marine hardware. 


PLATING MATERIALS include copper, lead, cadmium, zinc and silver 
anodes; nickel saits and addition agents for plating baths. 


Call Federated for practical corrosion advisory service. Let 
us provide you with the most efficient and economical so!ution to 
your specific corrosion prob!em. 








Sedewidid Mis & 


Division of 


AMERICAN SMELTING AND REFINING COMPANY 


120 Broadway +- New York 5. N.Y. 
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Over 260 Attend Edmonton Corrosion Meeting 


Houston Section Told 
Hot Spray Gives 
Better Coatings 


P. L. Lotz, technical director of Socony 
Paint & Products Co., Metuchen, N. J. 
told members of Houston Section at a 
March 5 dinner meeting that hot spray 
methods produce better coatings for 
some purposes than those produced by 
other methods. Apparently, Dr. Lotz 
said, a 6-mil coating applied in three 
coats by hot spray is better than one of 
equal thickness in which thinner coats 
are applied. 

The speaker opened his discussion on 
“Protective Paint Coatings” by describ- 
ing several coating systems and explain- 
ing why alkyds, vinyls and epoxies are 
giving better results than older systems 
based on vehicles of lower molecular 
weight. A principal reason for the im- 
proved performance of epoxies, Dr. Lotz 
believes, is the nature of the ether link- 
age, which 1s more stable than an ester 
linkage, for example. 

Epoxy coatings amine cured at room 
temperature are giving satisfactory serv- 
ice in corrosive environments, he re- 
ported. Coal tar-epoxy compounds with 
14-15 mils thickness applied in two 
coats are giving good results, he said. 
Some epoxy-coal tar formulations have 
resisted successfully 1000 hours testing 
in boiling water. Amine cured epoxies 
also seem to have fine resistance to hot 
water. 

In response to questions following his 
talk Dr. Lotz said there is ample evi- 
dence that distilled water more severely 
attacks coatings than ordinary water. 
He was unable to give an explanation 
for the greater severity of attack but 
pointed out that distilled water used 
frequently in laboratories when a severe 
test of coatings stability is desired. 

Dr. Lotz showed samples of dipped 
coatings applied to steel and subse- 
quently tested for extended periods in 
indicating that a minimum 


hot water ; 
for successful service in hot 


thickness 
water seems to be 8 mils. 

A Houston Section golf tournament 
will be held in conjunction with the 
section’s annual barbecue in May. Prizes 
are awarded winners. Those interested 
in entering should call Robert P. 
Suman, Pittsburgh Plate Glass Co., 
Paint Div., Box 21114, Houston. The 
section generally meets the second 
Tuesday monthly. The tournament will 
be held at “Tennwood,” recreational 
park provided by the courtesy of Ten- 
Transmission Co, 


nessee Gas 


Advantages of Glass 
Coatings Are Described 


Advantages of using glass coated ma- 


terials were stressed by F. W. Nelson, 
A, O. Smith Corp., Milwaukee at a 
February 4 meeting of North Texas 
Section. Twenty-six members and 8 
guests heard Mr, Nelson describe the 
chemical and physical characteristics of 
glass and the advantages and disadvan- 
tages of glass coatings. Several exam- 
ples of commercial prod- 
ucts were shown. 


glass-coated 


Beware of Crevices Is 
First Design Rule 
Against Corrosion 


The First Commandment in design 
is elimination of crevices—whether they 
be from lapping, cracking, loose paint 
or insulation, masked by grease or other 
foreign matter. These crevices trap 
liquids that don’t dry; that concentrate 
by evaporation and set up differential 
aeration cells in trapped water. This 
opinion was given by F. L. LaQue, The 
International Nickel Co., Inc., New 
York at a meeting of Greater Boston 
Section February 20. Mr. LaQue spoke 
to 34 members of the section and 32 
guests, including nine students from 
Boston College and Massachusetts In- 
stitute of Technology. 

Mr. LaQue identified his remarks as 
his own personal paraphrase of the 
celebrated address by R. B. Mears, “De- 
sign Factors in Corrosion.” 

Drawing on experience accumulated 
by International Nickel at its test sta- 
tions, Mr. La Que said a general survey 
revealed that 50 to 60 percent of the 
common and dismaying rust in auto- 
mobiles is correctible by run-off holes 
to drain away trapped water. Small 
crevices associated with large outside 
areas are particularly vicious, Mr. La- 
Que pointed out. 

As an example of the importance of 
area relationship between anodic and 
cathodic surfaces Mr, LaQue cited the 
Monel hulled yacht that 
sank while fitting out because, in the 
hurry to launch the ship, a few steel 
rivets were used. In a couple of weeks 
the salt water dissolved the rivets away. 


case of the 


Among his other comments, Mr. La- 
(ue noted an unwarranted leaning to 
zinc over cadmium in salt exposures; 
that thick films are the most important 
factor in non-cathodic coatings; that 
steel exposed to air should contain at 
last 0.05 percent copper; that paint per- 
formance on metal is greatly affected 
by the nature of the metal. “A principal 
value of (salt-spray) is that it affords 
a recordable reason for accepting or 
rejecting something as long as the rea- 
son doesn’t have to be sound, Mr. La- 
Que said. 

Chairman Harvey S. Miller, New 
England Hardfacing Co., Brookline of 
the Northeast Region 1958 Conference 
Committee reported that plans include 
simultaneous technical and committee 
sessions and a banquet. Assignments for 
the meeting include: 

Technical program: Murray Jacob- 
son, Brookline, Mass.; Philip J. Clough, 
National Research Corp., Cambridge, 
Mass.; John Swift, A. D. Little, Inc., 
Cambridge; Boris H. Tytell, Mattapan, 
Mass. 

Technical 
Boston. 

Publicity 
Langlois, 
Hyde Park; 
proofing Corp. of 
John Nelson. 

Registration: 
bury, Mass. 

Eben O. Smith, West Medford, Mass. 

Entertainment: Bert Rowe, 


Practices: Daniel Cushing, 


Walter E. 
Electric Co., 
Kelley, Fire- 


Boston; 


and Printing: 
Westinghouse 
Howard M. 
America, 
Frank Dux- 


Barnwall, 


Six Keys to Corrosion 
Control Featured at 
Canadian Sessions 


More than 260 persons registered { 
the Third Annual Canadian Regio: 
Division Corrosion Conference at F 
monton, Alberta February 7-9. Edm 
ton Section, host to the meeting, w 
credited with a large part of its succe: 

Theme of the conference “Six Ke 
to Corrosion Control” was covered 
the following discussions: 


Corrosion Theory—Development, J. (:. 
Parr, Associate Professor of Meta 
lurgy, University of Alberta, Edmo 
ton. 

Corrosion Theory—Interpretation, M. | 
Parker, Consultant, Houston. 

Structural Design, M. W. Clark, Can: 
dian Chemical Co., Ltd., Edmonto: 
Alberta. 

Protective Coatings—Organic, K. Tator, 
Kenneth Tator Associates, Coraopolis, 
Fa, 

Protective 
Parker. 

Environmental Treatment—General, M 
W. Clark. 

Environmental Treatment—Water, 
Steam and Condensate, E. G. Comp 
ton, Alchem Ltd., Edmonton. 

Inhibitors—Organic, G. FE. 
Tretolite Co., St. Louis. 

Inhibitors—Inorganic, J. G. Hutcheon, 
Alchem Ltd., Calgara, Alberta. 

Non-Corrodible Materials—Heavy Met- 
als and Ferrous Alloys, J. G. Parr, 
Associate Professor of Metallurgy, 
University of Alberta. 

Non-Corrodible Materials—Light Metals 
and Alloys, T. E. Wright, Aluminium 
Laboratories, Ltd., Kingston, Ont. 

Non-Corrodible Materials—Non-Metal- 
lic, R. A. Ritter, Associate Professor, 
Chemical Engineering, University of 
Alberta. 

Cathodic Protection, M. E. Parker. 

Evaluation Techniques—Laboratory Meth- 
ods, T. E. Wright. 

Evaluation Techniques—Field Methods. 

Corrosion Control Economics—General. 
The talks were complemented by dis- 

cussion sessions and a series of exhibits 

related to the conference theme was 
arranged around the principal meeting 
room. 

Social events included, on February 6: 
A reception and banquet with Martin J. 
Marshall, United Kingdom Trade Com- 
missioner as speaker. 

February 8: Luncheon with Mayor 
Wm. Hawrelak, City of Edmonton, 
speaker. Hospitality hour with cocktails 
and entertainment. 

February 9: Cocktails and Canadian 
Regional Division luncheon. 

A program for ladies, in addition to 
events at the MacDonald Hotel, included 
a film and display of fabrics at Mayfair 
Golf and Country Club. 

M. W. Clark was chairman of the 
conference committee while F. W. 
Hewes, Canadian Protective Coating, 
Ltd., Edmonton, was chairman of the 
technical program committee. They were 
assisted by E. E. Moore, E. G. Comp- 
ton, J. L. Gattenmeyer, M. K. Pidgeon, 
A. McClure, D. MacQuarrie, J. Stout, 
J. G. Evans, W. G. Brander, W. H. 
Seager and H. G. Richardson. 


Coatings — Pipeline, M. 


Purdy, 
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CYAN ANI YD 


NEWS 


CORROSIONEERING with LAMINAC® 


(Polyester Resins) 


Reinforced Plastic Trays outlast metal 
prevent contamination 
in drying corrosive materials 


During two years of continuous service, 9000 drier trays 
molded of reinforced Laminac Polyester Resin have proved 
superior to coated metal trays for drying dye intermedi- 
ates, pigments and other corrosive chemicals. 

Fabricated by Molded Fiberglass Tray Company, the 
trays are in use at Cyanamid plants at Bound Brook, New 
Jersey, and Willow Island, West Virginia. 

They have no coating to chip or flake, cannot rust, and 
thus do not contaminate materials being dried. Chipping 
of coated metal trays frequently meant discarding them or 
transferring them to uses not requiring freedom from 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 
31 Rockefeller Plaza, New York 20, N. Y. 


In Canada: North American Cyanamid Limited, Toronto and Montreal 


rust. Men working with the trays like their lighter weight 
and ease of handling. 


These glass-reinforced LAMINAC trays combine excellent 
hot strength with outstanding resistance to many of the 
most active chemicals other than alkalis. High impact and 
dent resistance makes them suitable for hard use. On the 
basis of this experience, engineers in the two plants have 
almost completed replacement of all metal trays with rein- 
forced LAMINAC. 


If corrosion is your problem, consider reinforced LAMINAC. 
Get in touch with any of our offices listed below. 


, 
Plastics 
and Resins 


Division 


Offices in: Boston + Charlotte - Chicago - Cincinnati - Cleveland - Dallas - Detroit 


les Angeles - New York - Oakland - Philadelphia - St. Louis - Seattle 
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COMMITTEEMEN FOR NORTHEAST REGION November meeting. Left to right, top row, C. L. 

Dey, H. W. Fritts, F. Murphy; second row, J. M. Bialosky, J. R. Milliken, J. H, Royston; bottom 

row, V. V. Kendall, National Tube Div., U. S. Steel Corp.; R. B. Hoxeng; L. G. Royston, Royston 
Laboratories, Inc. 


Tidewater Section, and 
Corrosion Control 
Committee Hold Meeting 


Tidewater Section and the Engineer- 
ing Subcommittee, Tidewater Corrosion 
Control Committee met January 16 at 
Norfolk, Va. with E. W. Seay, Jr., 
C & P Telephone Co., Richmond, pre- 
siding. W. J. Walker, Corps of Engi- 
neers, Ls Army, Norfolk described 
engineering features of a cathodic pro 
tection system on 450) ships) moored 
near Fort Eustis. 

C, M. Calhoun, U. S, Navy discussed 
corrosion problems at Naval shore sta 
tions and Mr. Seay reported on the 
third rectifier and ground bed instaila- 
tion made by his company in the Nor 
folk area. 

R. C. Thayer, Hampton Roads San 
itation District mmmission described 
corrosion trouble experienced with elec 
tric motors in which a potential of 0.5 
volt existed between all machine frames 
and other metal structures to ground 

Functions of NACE T-7 Committee 
were described to. the group. 

Meetings of the section will be held 
second Wednesdays in January, April 
and October, the July meeting being 
discontinued. 

e 
NACE’s Bibliographic Surveys of Cor 
rosion offer a convenient way to survey 
the world's literature on corrosion con- 
trol 


Golden Triangle Meeting 
Committee Is Named 


At a meeting February 25 at Penn- 
Sheraton Hotel, Pittsburgh, plans for 
the November 12-14 Golden Triangle 
meeting of Northeast Region were dis- 
cussed. Committeemen for the event 
are: R. B. Hoxeng, Applied Research 
Laboratory, United States Steel Corp., 
general chairman; J. M. Bialosky, Kop- 
pers Co., Inc., Verona, Pa., technical 
program chairman; J. H. Royston, 
Royston Laboratories, Inc., Blawnox, 
Pa., publicity chairman; H. W. Fritts, 
\luminum Company of America, New 
Kensington, Pa., local arrangements; 
F. B. Murphy, Aluminum Company of 
\merica, assistant local arrangements; 
J. R. Milliken, Climax Molybdenum Co. 
of Pa., Pittsburgh, printing; C. L. Dey, 
Koppers Co., Inc., Pittsburgh, registra- 
tion; W. W. Binger, Alcoa, New Ken- 
sington, entertainment; Mrs. V. V. 
Kendall, National Tube Division, U. S 
Steel Corp., ladies’ program. Pittsburgh 
Section officers are ex-officio. 


Hot Dip Galvanizers 


The 1957 Meeting of American Hot 
Dip Galvanizers Association was held 
April 2-4 at Miami Beach, Fla. 

2 
Exhibitions will be held at NACE re- 
gional meetings in Oklahoma City and 
Chicago this fall. 
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NATIONAL, REGIONAL 
MEETINGS and 
SHORT COURSES 





May 20-22—Northeast Region Corrosion 
Control Conference, Syracuse Uni- 
versity, Syracuse, N. Y. 


Oct. 1-4—North Central Region, C \i- 
cago, Sherman Hotel. Exhibition. 


Oct. 1-4—South Central Region, Okia- 
homa City, municipal auditorium, | x- 
hibition. 


October 23-25—Western Region. Scy- 
enth Annual Conference, U. S. Graut 
Hotel, San Diego, Cal. 


Nov. 12-14—Northeast Region Fall 
meeting, Pittsburgh, Pa.. Penn-Shera- 
ton Hotel. 








1958 


Mar. 17-21I—NACE Annual Conference, 
Civic Auditorium, San Francisco, Cali- 
fornia. 


October 5-8—Northeast Region, Somer- 
set Hotel, Boston, Mass. 


October 20-24—South Central Region 
New Orleans, Roosevelt Hotel. 


1959 


NACE Annual Conference, Sherman Hotel, 
Chicago, Illinois. 


SHORT COURSES 


June 6-7—Teche Section Short Course 
on corrosion. Southwestern Louisiana 
Institute, Lafayette, La. 


October 22-23—Western Region. Corro- 
sion Control Course (Evening Ses- 
sions) Hotel U. S. Grant, San Diego, 
Gal: 


Southwestern Ohio Section 


Discusses Liquid Metals 
W. D. Manly, Oak Ridge National 


Laboratory, Metallurgy Division, pre 
sented a paper on Fundamentals ot 
Liquid Metal Corrosion—Sodium, 
Lithium and Lead at the February 26 
meeting of Southwestern Ohio Section 
held in the Colony Restaurant, Middle 
town, Ohio, and attended by approxi 
mately 40 members and guests. M1 
Manly’s paper was illustrated. 

The March 11 meeting was a joint 
meeting with the American Institute of 
Chemical Engineers. 

Approximately 25 members and 
guests attended the January 29 meeting 
of Southwestern Ohio Section at whicl 
Roy O. McDuffie spoke on Metallic 
Structures and Corrosion. Professo: 
McDuffie supplemented his talk with 
series of slides. 

° 


The 10-Year Index to Corrosion, pub 
lished in 1956, contains more than 4006 
reference phrases to material in issues 
published 1945-54 inclusive. 
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Insulation Test Equipment 
Dielectric Test Equipment 
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AALONEY MAINTAIN 


Comet Aging Block 
Sub-Zero Cabinet 

Scott Tester 

Oil Immersion Apparatus 
Gravimeter 

Air Permeability Apparatus 
High Powered Microscope 
Drying Oven 


“Something from the Irishman” 
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. Sub-Zero Cabinet 

. Air Permeability Apparatus 
. Zipper Seal Test Tank 

. Analytical Balance 
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hese pictures of our newly expanded 

Research and Development Laboratory 
will give you some idea of why F. H. Maloney 
Company for 25 years has had the reputation for 
“Precision in Rubber—Metals— Plastics.” It is the 
largest and most complete laboratory of its type in 
the Southwest. Mr. A. S. (Tony) Girala, Chief Develop- 
ment Engineer, who has been with our organization 
for 20 years, heads up this laboratory and a staff of 
experienced technicians and research chemists. 


This Laboratory is available to our customers for 
Testing, Research, Development, and Specification- 
compounding. 


While this Laboratory is completely air-condi- 
tioned and all testing is done under controlled 
atmospheric conditions, adjoining this Laboratory is 
a complete Pilot Plant capable of producing specifica- 
tion rubber under atmospheric conditions, duplicating 
the conditions that prevail in our rubber manufactur- 
ing plants. This Pilot Plant is also under the direct 
supervision of Mr. Girala. 


F. H. MALONEY 
Company 


Houston, Texas 


2301 TEXAS AVE. * FA3-3161 * HOUSTON 


LOS ANGELES e¢ TULSA °¢ OLEAN, N. Y. 
BBER—METAL—PLASTICS 
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J. M, PEARSON 


Contributions of 
J. M. Pearson 
to Mitigation of 
Underground 


Corrosion 


Six articles by the late Dr. J. M. 
Pearson and one by an associate 
prepared under his leadership are 
reprinted for the information of 
new workers and established investi 
gators into underground corrosion 
problems. Dr. Pearson, recipient of 
the 1948 NACE Speller Award for 
achievements in corrosion engineer- 
ing, is recognized for his outstanding 
work on problems associated with 
corrosion of metals underground. 
The articles, originally published dur- 
ing 1941-44 in The Petroleum Engi- 
neer and in Transactions of The 
Electrochemical Society are reprinted 
by permission in this book dedicated 
to him. * 


Papers included are 

Electrical Examination of Coatings on 
Buried Pipelines 

“Null” Methods Applied to Corrosion 
Measurement 

Determination of the Current Required 
For Cathodic Protection 

Concepts and Methods of 
Cathodic Protection, Parts |, I] and III 

Preventive Maintenance by Systematic 
Pipeline Inspection by 
Donald F. Van de Water 

& 


56 pages, 82x 11 inches, paper Cover. 
1956. NACE Publication 56-12. Per 
copy, postpaid. 


$5 


Add 65 cents per copy for book post 
registry to all addresses outside the 
United States, Canada and Mexico. 


NATIONAL ASSOCIATION OF 


CORROSION ENGINEERS 
1061 M & M Building 
Houston, Texas 


Foreign remittances should be by inter- 
national postal or express money order 
or bank draft negotiable in the U.S. 
for an equivalent amount of U. S. funds. 


Miami Section Schedules 
Two Meetings in 1957 


Meetings of Miami Section are to be 
held in June and September. The June 
mecting will be in the evening and the 
September meeting during the day. 
Wives of members will be invited to 
attend evening meetings. 


A meeting in November is scheduled 
to last 5 days. 


Howard P. Bonebreak, Jr., Aluminum 
Company of America, Miami, was 
named program chairman, with mem- 
bers of his committee: Newton D. 
Bollinger, People’s Water and Gas Co., 
North Miami and Sigmund Miller, Uni- 
versity of Miami, Coral Gables. Other 
committeemen named were: Member- 
ship committee: Harry L. Truchelut, 
Southern Bell Telephone & Telegraph 
Co., Miami, chairman; Robert L. Whit- 
man, Miami; Bruce Von G. Scott, In- 
sul-Mastic of Miami, Inc., Miami. 


E, J. Tilton, Jr., Florida Power & 
Light Co., Miami will handle publicity 
and B. M. Botsford, Miami, was named 


section trustee. 


TECHNICAL 
REPORTS 


on 


GENERAL CORROSION 
PROBLEMS 


T-3A Some Corrosion Inhibitors—A Refer- 

ence List. A Report of T-3A on 
Corrosion Inhibitors. Publication 55-3. Per 
Copy $.50. 


T-3B Bibliographies of Corrosion Products. 

Section One—A Report by NACE 
Technical Unit Committee T-3B on Corrosion 
— Publication No. 57-5. Per Copy 
1.00. 


T-3E Tentative Procedures for Preparing 

Tank Car Interiors for Lining. A 
Report by NACE Task Group T-3E-1 on Cor- 
rosion Control of Railroad Tank Cars. Per 
Copy $.50. 


T-3H Some Consideration in the Econom- 

ics of Tanker Corrosion. A contri- 
bution to the work of Technical Committee 
T-3H on Tanker Corrosion by C. P. Dillon. 
Per Copy $.50. 


T-3F Symposium on Corrosion By High 

Purity Water: Introduction to Sym- 
posium on Corrosion by High Purity Water, 
by John F. Eckel: Corrosion of Structural 
Materials in High Purity Water, by A. H. 
Roebuck, C. R. Breden and S. Greenberg; 
Corrosion Engineering Problems in High Pur- 
ity Water, by D. J. DePaul: The Importance 
of High Purity Water Data to Industrial Ap- 
plication, by W. Z. Friend. A Symposium 
sponsored by NACE Technical Unit Commit- 
tee T-3F on Corrosion by High Purity Water. 
Per Copy $1.50. 


Remittances must accompany all orders for lit 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given below for Book Post Registry to 
all addresses outside the United States, Canada 
ind Mexico 


NATIONAL 


ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. 


Houston 2, Texas 


Vol. 13 


One Regional Meeting 
Yearly Set in Southeast 


Southeast Region will hold one an- 
nual meeting yearly, instead of two, 
Regional by-laws were so amended at 
a March 4 meeting at Atlanta. 


New regional officers named were: 
Arthur B. Smith, Amercoat Corp, 
Jacksonville, Fla., chairman; Joseph 
Frink, Florida Power & Light Co, 
Miami, vice-chairman; R. C. Mariin, 
Plantation Pipe Line Co., Atlanta, sec- 
retary-treasurer. George M. Jeffares, 
Plantation Pipe Line Co. was appoinied 
to fill the term of Mr. Martin after his 
transfer out of the region. 


Spokane Short Course At 
Davenport Hotel Apr. 8-11 


A Corrosion Short Course will be held 
April 8-11 at Davenport Hotel, Spokane, 
Washington. It is sponsored by Tech- 
nical Extension Services, Washington 
State Institute of Technology, State Col- 
lege of Washington in cooperation with 


NACE, 


The theme of the course is “Theory 
and Use of Field and Laboratory Test- 
ing Equipment.” 


TECHNICAL 
REPORTS 


PIPE LINE CORROSION 


T-2 Statement on Minimum Require- 

ments for Protection of Buried Pipe 
Lines. Prepared by a Special Task Group of 
NACE Technical Group Committee T-2 on 
Pipe Line Corrosion. Publication No. 56-15. 
Per Copy $.50. 


TP-2 First Interim Report on Galvanic 
Anode Tests. (Pub. 50-2) NACE 
members, $3; Non-members, $5 Per Copy. 


T-28 Final Report on Four Annual Anode 

Inspections. A Report of Technical 
Unit Committee T-2B on Anodes for Im- 
onan Current. Publication 56-1. Per Copy 
1.00. 


T-2B Use of High Silicon Cast Iron for 

Anodes. First Interim Report of Unit 
Committee T-2B on Anodes for Impressed 
Current. Publication No. 57-4. Per Copy $.50. 


T-2C Some Observat:ons of Cathodic Pro- 

tection Potential Criteria in Local- 
ized Pitting. A Report of T-2C on Minimum 
Currént Requirements for Cathodic Protec- 
tion. Pub. 54-2. Per Copy $.50. 


T-2G Tentative Recommended Specifica- 

tions and Practices for Coal Tar 
Coatings for Underground Use. A Report of 
Technical Unit Committee T-2G on Coal Tar 
Coatings for Underground Use. Per Copy $.50. 


TP-3 First Interim Reports on Ground 
Anode Tests. (Pub. 50-1) NACE 
members, $3; Non-members, $5 Per Copy. 


Remittauces must accompany all orders for lit- 
erature the aggregate eost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Eagineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given below for Book Post Registry to 
all addresses outside the Wnited States, Canada 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. Heuston 2, Texas 





Over 600 Attend Annual Business Meeting 


Successful Year's 
Activity Reported 
By Association 


lore than 600 attended the 1957 An- 
il Business Meéting of the National 
sociation of Corrosion Engineers. The 
eting, profiting by advance planning 
| notices, drew larger attendance than 
‘ previous business meeting and a 
larger proportional representation than 
v meeting in recent years. 
W. F. Fair, Jr., Koppers Co., opened 
» meeting with a report on the asso- 
ition’s activities during the year and 
th some predictions of future activi- 
tics. He pointed to the $23,000 surplus in 
1956 budget, a considerable change 
rom the deficit contemplated when it 
vas adopted. He also cited adoption of 
retirement and insurance plan for 
\CE employes. 
Fewer Members Dropped 
\. B. Campbell, executive secretary, 
‘riefly explained some recent activities 
the association. Fewer members were 
lropped for non-payment of dues in 
56 than in former years, he said. He 
ilso reported a 1957 yearbook in prepar- 
tion to be issued this year, publication 
fa 10-year index to CORROSION, the 
lected Pearson papers, a_ technical 
mmittee directory, the contemplated 
publication of a classified industrial di- 
rectory, affiliation of the Marine Borers 
Conference with NACE and contrasted 
the 942 registrants at the 1950 St. Louis 
(Continued on Page 90) 


L. B. Donovan Is Elected 
To Board of Directors 


Lewis B. Donovan, Consolidated Edi- 
son Co. of New York, long active in 
NACE affairs as a regional officer and a 
member of the NACE 
board and executive | 
committee has been § 
elected to the NACE 
board. He will fill the 
unexpired term of A. 

L. Stegner, Tennes- 
see Eastman Trans- 
mission Corp., Hous- 
ton, who has become 
treasurer, Mr. Dono- 
van will represent ac- 
tive membership on ® 
the board. 

Employed by Con- Donovan 
solidated Edison since 1923, Mr. Dono- 
van is general superintendent of station 
construction and shops department for 
his company. He was Northeast Region 
chairman in 1950, a regional director and 
general chairman of the 1951 Conference 
and exhibition. 

He also is active in the American Gas 
Association, among other groups. 

2 
The NACE Abstract Filing System is 
used by many organizations. 


Costanzo and West Are 
New NACE Directors 


New directors for Northeast and 
Southeast Regions took office effective 
the last day of the March Conference 
at St. Louis. F. E. Costanzo, Manufac- 
turers Light & Heat Co., Pittsburgh 
and John B. West, Aluminum Company 
of America, Atlanta are the new direc- 
tors respectively of the regions. 

Mr. Costanzo, an NACE member 
since 1948, has been active in the Pitts- 
burgh Section as an officer and other- 
wise. Mr. West, an NACE member 
since 1947, has had 20 years’ experience 
using aluminum and magnesium in cor- 
rosion control fields. 


Industrial Directory Set 


An experimental issue of a Classified 
Industrial Directory of firms selling cor- 
rosion control materials and services will 
be included in an issue of CORROSION 


this summer. The NACE Publication 
Committee, at a St. Louis session ac- 
cepted the recommendation of A. B 
Campbell, executive Secretary, that the 
directory be tried this year. 

Plans include offering to a selected list 
of firms the opportunity to put their 
names in a classified list. 


SCENES AT TECHNICAL MEETINGS—Left, M. C. Miller explains the galvanic relationship of 

metals in soils to about 500; center, W. F. Oxford, Jr. Sun Oil Co., Beaumont, presides at the 

Oil and Gas Production Symposium; right, several hundred participated in the Pipe Line and 

Underground Corrosion Round Table discussion. Technical sessions were exceptionally well 
attended throughout the meeting. 
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SCENES AT BOARD MEETINGS—Top, at the 
Sunday, March 10 meeting, left to right, L. (. 
Whiteneck, Plicoflex, Inc., Los Angeles, vice- 
president; W. H. Stewart, Sun Pipe Line Co., 
Beaumont, president and W. F. Fair, Jr., 
Koppers Co., Inc., Pittsburgh, now past-pre:i- 
dent. Bottom, standing, E, G. Brink, American 
Viscose Corp., Marcus Hook, Pa. and seat: 
at his left, John B. West, Aluminum Compo 

of America, Atlanta, directors shown at ¢\ 

March 15 meeting. 


Over 600 Attend— 
(Continued From Page 89) 


Conference with the estimated 2500 
the 1957 session. 
Regional Exhibits Scanned 

Requests by regions to hold exhil 
tions in connection with their meetin 
will be considered by the NACE boa 
as they are presented. This decision w 
one of those reached at St. Louis se-- 
sions of the NACE Policy and Planning 
Committee and reported by E. P. Nop- 
pel, Ebasco Services, Inc., New York, 
chairman, Another matter referred to 
the committee by the board was tlhe 
question of limiting the funds reim- 
bursed to regions and sections. No action 
is necessary, Mr. Noppel reported. 

Committee Activity Reported 

C. P. Larrabee, U.S, Steel Corp., Moii- 
roeville, Pa., outgoing chairman of the 
Technical Practices Committee said com- 
mittee activity during 1956 was at a high 
level. More than 50 new activities were 
initiated, he said. 

Also, Mr. Larrabee reported, copies of 
technical committee reports published 
during 1957 and subsequent years will 
be collected and offered for sale in a 


I Ife e bound volume. 
AP [3 Cc OA Quality Among other things mentioned by M1 


Larrabee were: 
More technical committees met at re- 
° gional meetings than before. Indications 
is Your Guarantee of were good for continued increase in re- 
gional sessions. 

Some local section committees have 
been formed. 

More than 1000 NACE members now 
are participating in technical committee 
work, an increase of 100 percent. 

a The Yale research project has been 
For Pipe, completed and the report is under re- 
k = view. 
Pipe Joints, Publication Activity 
woee . T. P. May, International Nickel Co., 
' Fittings, Couplings, Inc., New York, chairman of the Publi- 


. cation Committee said 550 copies of the 
Tanks, Tie Rods 1952-53 Bibliographic Survey of Corro- 


. sion have been sold and that the 1954- 
and Conduit 55 volume is nearing readiness for the 
printer. bn Se 

To reduce maintenance costs, get the best possible Many subscribers to the NACE Ab- 

protection at the lowest possible cost. Since 1941, a aoe a 

or has proved - saat apticdliane combat- the service are contemplated. The ques- 

ing corrosion. This quality coal tar coating in tion of providing a search service is 
handy tape form is self-bonding— simple to apply under continuing study. 

with the use of a torch. Requires no trained help. New members have been added to the 

Cuts maintenance and replacement costs. Comes in Editorial Review subcommittee, he said, 


rolls of 2”, 3", 4", 6”, 18” and 24” widths. Also avail- and cited the 168 papers reviewed by 
Meagan a i) this group during 1956 as a major ac 


able in asphalt. complishment. The year past saw NACE 


Write for brochure and prices news in CORROSION increase one 
third, technical section pages 18 percent 


Wi and abstract and technical committee 

TAPE Be (oy: as activities section pages remain about the 
same. 

Originators of Coal Tar Coating in Tape Form ‘ 


Section Activity Increases 


1521 Lyons Street, Evanston, Illinois @ Sy, H. C. Van Nouhuys, Southeastert 
(Continued on Page 94) 
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In the pages of this Painting Manual are data every 
corrosion engineer will want to have when faced with 
problems involving protective coatings. 

How to save time and money in surface preparation; how to 
secure good adhesion with vinyl-based top coatings; how 
many top coats to provide effective protection against 

a given corrosive; common spraying problems and how 

to remedy them. 

Primarily, of course, the Manual deals with the Tygon series 
of protective coatings—the protective coatings developed 
specifically to meet severe corrosion problems. 


CORROSION Detailed data on the characteristics of the various Tygon 


coatings; where and how to use them; complete tables of 
chemicals to which the coatings are resistant; these and 


ENGINEERS other helpful data are yours in this free manual. 


Plastics & Synthetics Division 


Write for it today. ee : = = 
Ask for the U. Ss. STONEWARE 


Tygon Painting Manual. 
AKRON 9, OHIO 
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CFal Lectro-Clad Plates are welded for final fabrica- 
tion into tank cars used for transporting phenol. A 
troublesome problem—discoloration of the phenol—was 
solved by using Lectro-Clad Plates and Heads throughout. 
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PLATES offer you... 


jus 6-8 week availability 


Stop waiting months for delivery on nickel and 
nickel-clad plates! Switch to CF«&I Lectro-Clad 
Nickel Plated Steel. Smart fabricators and end- 
users all over America are finding that this de- 
pendable product successfully combines the pro- 
tection of nickel and the economy and strength 
of carbon steel. AND CFa&I LECTRO-CLAD 
NiCKEL PLATED STEEL PLATES ARE 
AVAILABLE WITHIN 6 TO 8 WEEKS! 


CFé&I Lectro-Clad Plates and Heads are 
now being used successfully in many transpor- 
tation and storage applications where product 
contamination or discoloration is a problem. 
They are also effective for processing applica- 
tions where the corrosion rate does not exceed 


0015 inches per year. CFelI Lectro-Clad is 
customarily supplied with 8-10 mil nickel plat- 
ing; however, it can be plated up to 28-30 mils 
if specified. 


CFeI Lectro-Clad is easy to fabricate. It 
can be worked with regular shop equipment. 
Bend it... weld it... roll it... the protective 
nickel layer stays firmly bonded to the steel. 
It will not check, spall or flake. 


Delivery time on this 8-foot diameter caustic evaporator was 
reduced by one full year when its fabricator switched to 
CFal Lectro-Clad. Plate used was %” steel with a 15 mil 
layer of nickel. Heads were also fabricated from Lectro-Clad. 


For the complete story on Lectro-Clad, ask 
for the Lectro-Clad Nickel Plated Steel Tech- 
nical Manual. Contact our nearest sales office 
or write us direct. Wickwire Spencer Steel 
Division, The Colorado Fuel and Iron Corpo- 
ration, P.O. Box 1951, Wilmington, Delaware. 


OTHER CLAYMONT PRODUCTS 


Steel Plates 
Alloy + Stainless Clad 


Flanged and 
Dished Heads _ 
Manhole Fittings Large Diameter 


High Strength Low Alloy Fabricated Steel Parts and Covers Welded Steel Pipe 


qa] Claymont Steel Products 


Products of Wickwire Spencer Steel Division - The Colorado Fuel and Iron Corporation 


Albuquerque * Amarillo + Atlanta + Billings * Boise » Boston + Buffalo + Butte » Casper + Chicago + Denver + Detroit + Fl Paso + Ft. Worth » Houston + Lincoln 
Los Angeles + New Orleans + New York + Oakland + Odessa + Oklahoma City » Philadelphia - Phoenix + Portland (Ore.) + Pueblo + Salt Lake City + San Francisco 
Seattle + Spokane > Tulsa » Wichita + CF&l OFFICES IN CANADA: Montreal + Toronto + CANADIAN REPRESENTATIVES AT: Calgary + Edmonton + Vancouver + Winnipeg 


*NICKEL PLATED BY THE BART LECTRO-CLAD PROCESS aie 
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Philadelphia Chosen for NACE 1963 Meeting; 
Southeast Region Scans Atlanta for 1962 


The offer of Philadelphia Section to 
hold the NACE 1963 conference at Phil- 
adelphia was accepted by the NACE 
board at its March 15 meeting in St. 
Louis. A proposal by representatives of 
the Atlantic City Convention Bureau 
was also presented to the board at this 
meeting. 

It was reported also that Southeast 
Region and the Atlanta, Georgia Section 
are investigating facilities in Atlanta with 
the view of proposing that the 1962 con- 
ference be held there. The executive 
committee has been authorized by the 
board to make a decision on the 1962 
meeting 

The board also approved a recommen- 
dation by Publication Committee Chair 
man T. P. May that advertising rates in 
CORROSION be increased effective 
with the January, 1958 issue. 

The formation of T-8 on Corrosion of 
Petroleum Refinery Equipment was ap- 
proved and of T-9 on Marine Biological 
Deterioration. The latter will be formed 
about a nucleus now organized as_ the 
Marine Borer Conference. 

The policy and planning committee rec- 
ommended that manufacturers be polled 
on the question of conflicts between re- 
gional and national exhibitions and that 
there was no immediate necessity to 
legislate on limits for reimbursements to 
regions and sections. 


Chairmen of Standing 
Committees Are Renamed 


Standing committees of NACE this 
year will have the continued services of 
their incumbent chairmen for another 
vear. In addition to those announced 
earlier, IT, P. May, The International 
Nickel Co., Inc., New York has accepted 
for another year the chairmanship of 
the Publication Committee and E. P. 
Noppel, Ebasco Services, Inc., has ac- 


cepted chairmanship of the Policy and 
Planning Committee. 

H. C, VanNouhuys, Southeastern 
Pipe Line Co., Atlanta, Ga. has accepted 
chairmanship of the Regional Manage- 
ment Committee for another year as 
reported in January CORROSION. 

\lso reported earlier was the appoint- 
ment of E..C. Greco, United Gas Corp., 
Shreveport, La. as chairman of the 
Technical Practices Committee and 
Norman Hackerman, University of 
Texas as chairman of the Education 
Committee. 

All are ex-officio members of the 
NACE board of directors. Dr. May also 
is a director representing active mem- 
bers. Their terms of office began on 
the last day of the conference. 

The immediate past president, W. F. 
Fair, Jr., Koppers Co., Inc., automati- 
cally is chairman of the Awards Com- 
mittee. 


Over 600 Attend— 


(Continued From Page 90) 


Pipe Line Co., Atlanta, chairman of the 
Regional Management Committee said 
his committee reports 54 sections organ- 
ized in the association at the end of 
1956, including two new ones on South 
Central Region. Estimated attendance at 
section meetings was 16,000 and at short 
courses in which NACE cooperated 
about 2500. 

Efforts will be made in the future to 
avoid scheduling regional meetings in 
conflict with one another as to dates, 
and an activities reporting system will 
be set up to make possible a better esti- 
mate of activities. 

® 
The 10-Year Index to Corrosion, pub- 
lished in 1956, contains more than 4000 
reference phrases to material in issues 
published 1945-54 inclusive. 


SOME OF THE 114 BOOTHS at the NACE 
13th Annual Exhibition at Kiel Auditorium are 
shown here. The exhibition was at the same 
time the largest and most diversified ever 
presented at an NACE meeting. 


Regions Are Asked to 
Scan Maps for New 
Section Locations 


H. C. Van Nouhuys, chairman of the 
NACE Regional Management Commit- 
tee told members of the NACE board of 
directors at a meeting March 10 in St. 
Louis that his committee will recom- 
mend that regional officers scan maps of 
their respective regions for blank places 
where new NACE sections should be 
organized, Mr, Van Nouhuys cited the 
addition of the East Texas and Western 
Kansas sections to South Central Region 
and said two more sections had joined 
the number with over 100 members each. 

Mr, Van Nouhuys also said he will 
send to sections a report intended to 
advise him concerning section activities 
so that a more accurate check on what 
happens can be made. The data col- 
lected in these reports will be consoli- 
dated at regional level before going to 
his committee, he suggested. 

At this same meeting the board: 

Set the price of the 1954-55 Biblio- 
graphic Survey of Corrosion at $10 for 
NACE members and $15 for non-mem- 
bers. 

Decided that an exhibition will be held 
in connection with the 1960 NACE na- 
tional meeting in Dallas. 

Made a donation to the Steel Struc- 
tures Painting Council. 

Heard Jack P. Barrett, South Central 
Regional chairman say that room for 
200 exhibits was available at the October 
South Central Region meeting at Okla- 
homa City and issue an invitation to 
NACE to hold a meeting of corporate 
members during the session there. 
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in hot sulphuric acid and chlorides 


PROBLEM.... Agitator propellors were failing at a rate of one every three months in dye 
kettles where hot sulphuric acid was mixed with chlorine-bearing organic 
chemicals. Sometimes corrosion was so severe that the propellors fell off the 


shaft and chipped the kettle lining. This required a major overhaul. 
REMEDY ....¢.6 Agitator shaft and propellor made of HastreLioy alloy D were installed. 


RESULT... Four vears later the same propellor and shaft made of HasteLtoy alloy D 
are still in service. 

HasteL.oy alloy D has excellent resistance to sulphuric acid in all con- 
centrations and at temperatures up to the boiling point. In addition, it is 
resistant to many other acids and salts frequently used in solution with 
sulphuric acid. For a copy of a booklet describing Hasre.toy alloys, get in 


touch with the nearest Haynes Stellite Company office. 


) HAYNES STELLITE COMPANY 
VIN 5 j A Division of Union Carbide and Carbon Corporation 
tis 


TRADE-MARK ; : 
General Offices and Works, Kokomo, Indiana 


ALL Ow Ss ie Sales Offices 


Chicago + Cleveland + Detroit - Houston - Los Angeles - New York « San Francisco + Tulsa 


“Haynes” and “Hastelloy” are registered trade-marks of Union Carbide and Carbon Corporation. 
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Advance Planning Speeds Registration Chore; 
Total and Paid Attendance Declines Slightly 


Advance planning and preparation by 
the local arrangements committee for 
the NACE 13th Annual Conference and 
Exhibition at St. Louis paid off in a 
smoothly running registration desk and 
a minimum of confusion, The registra- 
tion function, benefiting from prelimi- 
nary work done by E. K. Rice, National 
Lead Co. and his co-workers, and from 
the advance registrations prepared at 
NACE. Central office, started off in high 
gear at 2 pm March 10 and kept waiting 
to a minimum. 

Paid registrations at the St. [Louis 
13th Annual Conference were a few less 
than those at the 1956 New York meet- 
ing, a preliminary report made by Otto 
H. Fenner, Monsanto Chemical Co., gen- 
eral chairman indicated. Mr. Fenner said 
also that gross registration was less than 
at New York. The figures were: St. 
Louis—Paid, 1385; New York, 1491; St. 
Louis—free, 1098; New York, 1388. 

\ preliminary check showed net in- 
come would be somewhat than 
contemplated in the budget, or about 
$34,000. 


more 


San Francisco Group 
Wasting No Time 


No time is being wasted by the tech 
nical program committee responsible for 
the 1958 San Francisco 14th Annual 
NACE Conference. At a meeting March 
11 at St. Louis during the NACE con- 
ference FE. D. Verink, Aluminum Com 
America, Pittsburgh reported 
the committee has 


pany ot 


\ll symposia selected, including one 
m coordination of cathodic protection 
systems to be presented by members of 


NACE 


7 Coordinating Committec 


‘| 
Moved the pipe line and general cor 
. 


rosion problems round tables to Friday 
morning 

Changed the title of the 
communications 


power and 
symposium to “Utili- 
ties 

Distributed to 


present copies of the 


symposia chairmen 
NACE Guide, a 
schedule of deadlines for submission of 
titles, abstracts, papers and other items 
on the program 

Arrangements now call for triple si 
multaneous symposia except on Friday 
morning when the general round table 
sessions will be held concurrently also. 


Thor N. Rhodin Receives 
Young Author Award 


Thor N. Rhodin, research engineer, 
Engineering Research Laboratory, En- 
gineering Department, FE. I. duPont 
de Nemours & Co., Inc., received the 
1957 NACE Young Author’s Award at 
the annual banquet in St. Louis, His 
paper “Oxide Films on Stainless Steels,” 
published in CORROSION, Vol. 12, 
No. 3, on pages 123t-135t received first 
vote of all committee members whose 
ballots reached chairman Norman 
Hackerman on time. Members of the 
NACE Education Committee selected 
the paper as the best by an author under 
35 vears of age published in CORRO- 
SION during 1956. 

Dr. Rhodin, who holds a BS in chem- 
istry from Haverford College (1942) 
and an MS (1945) and PhD (1946) in 
physical chemistry from Princeton Uni- 
versity, is active principally in research 
related to surface chemistry of metals, 
corrosion, microtechniques, gas adsorp- 
tion and physical metallurgy. From 1946 
to 1950 he was on the staff of the Insti- 
tute for Study of Metals. 

His award-winning paper was a dis 
cussion of the theories pertaining to the 
films on stainless steels and the influ- 
ence of various corrosive media on the 
properties of these films. 


Editorial Review Committee 
Membership to Increase 


An increase in the membership of the 
NACE Fditorial Review Subcommittee 
Which will almost double its number 
was approved by the Publication Com- 
mittee at a March 11 meeting at St. 
Louis, Also approved was the appoint- 
ment of a co-chairman who will help 
the chairman by handling some of the 
papers routed through the committee. 

KE. V. Kunkel, Celanese Corp., Bishop, 
Texas, chairman reported his committee 
had reviewed and forwarded to the edi 
tor of CORROSION 94 papers during 
the fiscal year and that of these 72 
were approved for publication, 17 rec- 
ommended for rejection and 5 returned 
without recommendation. 

Mr. Kunkel cited resignation of three 
committee members during the vear as 
evidence the work load was too heavy 
and that additional were 
needed. 


members 
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SOCIAL EVENTS included an extensive ladies 
program. Top, left, some of the lady guests 
prepare to leave the Sheraton-Jefferson Hotel 
and right, one corner of the hospitality room 
at the hotel. (Above) seen at the Fellowship 
Hour—Top, center, F, L. LaQue, The Interna- 
tional Nickel Co., Inc.; right, K. G, Compton, 
Beli Telephone Laboratories, Murray Hill, N. J. 
Center, left, H. E. Waldrip, Gulf Oil Corp., 
Houston; W. F. Rogers, Gulf Oil Corp., Houston; 
Jack W. Harris, Rockwell Mfg. Co., Houston and 
Mrs. Waldrip. Bottom, A. B. Campbell, NACE 
executive secretary and M. C. Miller, Allen- 
dale, N. J. 


More information about events and de 
cisions at the 13th Annual Conferenc 
will be published in May CORROSION. 
Keep abreast of events in NACE by care 
fully reading the news section of COR 
ROSION every month. Refer to it fo: 
data on NACE activities. 
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Carbon Dioxide, Light Affect Copper Corrosion 


Tw Corrosion Meetings 
Are Held in Brussels 


lwo meetings on corrosion were held 
in Brussels March 29 and April 1 and 
The March 29 meeting, of Centre 
lge d Etude de Ja Corrosion, con- 
ned the influence of magnetic fields 
the course of chemical reactions. 
the April 1-2 meeting, involving 
belcor and the Corrosion Group of 
Society of Chemical Industry, Great 
tain, listed the following items on 
agenda: Activity and Organization 
the Corrosion Group; Stress Cor- 
ion Cracking by T. P. Hoar; Re- 
rch on the Corrosion of Metals by 
Vater, Prof. Ed Leclerc; Role of Cor- 
sion Inhibitors in Water Treatment, 
L. Streatfield; Problems Involved 
the Cathodic Protection of Bare 
suried Pipe Lines, K. A. Spencer. 
\ctivities of the Corrosion Commis- 
n of ABEM, M. Van Rysselberghe 
and Fontana; Report on the activities of 
ebeleor, M. Pourbaix; Control of Cor- 
rosion in Industry; J. Strebelle, gen- 
eral discussion. 


Corrosion Topics Listed 


For Radiation Colloquium 


Some of the items on the agenda of 
the Colloquium on the Effects of Radi- 
ation on Materials, Johns Hopkins Uni- 
versity, Baltimore, Md. are: 


27 March—Metallic Materials 

Radiation Effects on Physical and 
Metallurgical Properties of Metals 
and Alloys, E. S. Billington, Director, 
Solid State Physics Div., Oak Ridge 
National Laboratory. 

Influence of Radiation on Corrosion Be- 
havior and Surface Properties of 
Metals and Alloys, M. Simnad, Gen- 
eral Atomics Corp. 


28 March—Non-Metallic Materials 

Effects of Radiation on Behavior and 
Properties of Polymers, A. Charlesby, 
Tube Investments, Ltd., Cambridge, 
England. 


29 March—Reactor Component: 

Kinetics of Gamma-Induced Graft Co- 
polymerization of Vinyl Acetate to 
Teflon, A. Restaino, Martin Nuclear 
Division. 


Texas University to Hold 
Industrial Radiation Meeting 


An Industrial Radiation Conference 
vill be held May 18 at University of 
lexas, Austin, sponsored by Civil En- 
sineering Department, University of 
lexas; Division of Occupational Health, 
(exas State Dept, of Health; North 
ind Gulf Coast Sections, American In- 
lustrial Hygiene Association. 

Disposal of radioactive wastes is 
mong the problems to be considered. 


Translation Center 
Grant Is Received 


A grant of $20,350 has been made to 
Special Libraries Association for the 
support of a Scientific Translations 
Center at John Crerar Library, Chi- 
cago, The center, directed by John P. 
Binnington, librarian of the Brookhaven 
National Laboratory, will act as a de- 
pository for translations contributed or 
loaned. 

Originally established in 1953, the 
center at present has a pool of 6000 
translations. Translations from the Rus- 
sian, now held by Library of Congress, 
will be transferred to the center. 

Transcription Monthly, a _ periodical 
issued by the center, lists translations 
available in the pool. 


X-Ray Analysis Conference 
Set August 7-9 at Denver 


The Sixth Annual Conference on In- 
dustrial Applications of X-ray Analysis 
will be held August 7-9 at the Albany 
Hotel, Denver, Col, The conference is 
sponsored by Metallurgy Division, Den- 
ver Research Institute, University of 
Denver. 

Technical material to be covered per- 
tains to X-ray absorption, diffraction 
and fluorescence analysis. Papers will 
be considered if received before May 1, 
1957 by James P. Blackledge, Head, 
Metallurgy Division, Denver Research 
Institute, University of Denver. 


NYU Schedules April 13 


Nuclear Energy Session 


Engineering aspects of nuclear energy 
will be considered at a one-day sympo- 
sium at New York University’s College 
of Engineering Saturday, April 13. 
NYU and Metropolitan Section, Ameri- 
can Society of Mechanical Engineers 
are sponsors. Registration information 
can be obtained from Fred Landis, New 
York University College of Engineer- 
ing, University Heights 53, N. Y. 


Air Pollution Conviction 
Rate Exceeds 96 Percent 


A conviction rate of 96.8 percent for 
854 complaints of air pollution control 
violations in Los Angeles County was 
reported for the July-September quarter 
by the Los Angeles Air Pollution Con- 
trol District. 

Complaints were filed against such 
sources as chemical and refinery equip- 
ment, rendering plants, concrete batch 
plants, paint spray booths, electric steel 
furnaces, hot asphalt plants, heat treat- 
ing plants, ferrous and non-ferrous 
foundries, incinerators, open fires, smok- 
ing autos and Diesel trucks. 
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Report Issued on 
Research Council's 
Copper Crystal Probe 


First year’s work on the first research 
project of the Corrosion Research 
Council into “Fundamental Corrosion 
Reactions at the Surfaces of Metals in 
Selected Environments,” has developed 
several interesting aspects. These are 
described in the First Annual Progress 
Report on the project made by Jerome 
Kruger, in charge of the research spon- 
sored jointly by the Corrosion Research 
Council and the National Bureau of 
Standards. 

Why do carbon dioxide and the kind 
of light impinging on the corroding sur- 
face influence corrosion behavior? 

What is the mechanism by which 
films are able to grow at room temper- 
atures in oxygenated water at rates 
comparable to those grown at much 
higher temperatures in dry oxygen? 

What is the origin of and the reason 
for the special locations with respect 
to the surface of oxide nuclei observed 
in microscopic studies? 

These questions are among those de- 
veloped during the first year’s work re- 
ported to have cost $24,134. 

The progress report detailed methods 
by which single crystals of 99.99 percent 
pure copper were grown and initial ex- 
periments growing and observing cor- 
rosion on the surfaces of the crystals 
in room atmospheres and in controlled 
atmospheres. Descriptions of the equip- 
ment developed for the research are 
given. 

An effort was made to determine 
through interference colors and by mi- 
croscopic and x-ray diffraction methods 
whether the various planes of the crys- 
tal surface differed in the types and 
thickness of films formed. 

One experiment indicated that films 
formed on the crystal in the dark ap- 
peared to become thinner when exposed 
to light from a 3200 degree K lamp. 
Oxidation films in the lighted areas of 
crystals differed from that in dark areas. 

The project is to be continued during 
1957 with half of the funds coming from 
the Corrosion Research Council and the 
other half from Bureau of Standards 
funds. 


Lead Ceramics Research 


Research on lead ceramics will be 
carried on by a fellowship at Depart- 
ment of Ceramic Engineering, Univer- 
sity of Illinois, sponsored by Lead 
Industries Association. Prof. Andrew I. 
Andrews, head of the department, will 
be in charge. 


Gas Technology Course Set 


The Twelfth Annual Short Course in 
Gas Technology has been scheduled by 
the Texas College of Arts and Indus- 
try, Kingsville, May 29-31. 
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tither way, you control corrosion 


What course do you take? Buy your own corrosion control 
chemicals or hire a reliable service organization? Either 
choice is right if you specify DIAMOND chemicals — sodium 
chromate and sodium bichromate — for this important job. 
DIAMOND delivers them quickly from strategically located, 
ready-to-ship stocks. 

DIAMOND Offers technical help and service on problems in- 
volving corrosion control. Phone your nearby DIAMOND sales 
office or write DIAMOND ALKALI COMPANY, 300 Union Com- 
merce Building, Cleveland 14, Ohio. 
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BOOK NEWS 


Symposium on Steam Quality. 49 pa; es, 
6 x 9 inches, Paper. December, 1‘ 56, 
Publication No. 192, American S. ci- 
ety for Testing Materials, 1916 R ce 
St., Philadelphia 3, Pa. Per copy $1 75, 

Four papers presented at a symposi im 

June 21, 1956 on Steam Quality «re 

presented: Measurement and Purifi a- 

tion of Steam to 0.01 ppm Total I is- 

solved Solids, W. B. Gurney. Ste m 

Purity Determination by Trace Te h- 

niques, E, E. Coulter and T. M. Car p- 

bell. Comments on Corrections to Ste:m 

Conductivity Measurements, R, 9, 

Parker and R, J. Ziobro. Construct on 

and Operation of Larson-Lane Ste m 

Purity and Condensate Analyzers, A, 8. 

Sisson, F. G. Straub and R. W. Lave. 


Electrochemical Affinity. Studies in 
Electrochemical Thermodynamics aiid 
Kinetics. In English. 109 pages, 64 
x 10 inches. By Pierre Van Rysse'!- 
berghe, Department of Chemistry, 
Stanford University, Stanford, Ca!, 
1955. Published by Hermann & Ceo. 
6, Rue de la Sorbonne, 6. Paris, 
France. Per copy, French Francs, 
1250. 

This monograph of 110 pages presents 
the essentials of the thermodynamic 
theory of galvanic cells, electrolytic 
cells and single electrodes on the basis of 
the thermodynamics of irreversible proc- 
esses. The method used lends itself par- 
ticularly well to the study of simultane- 
ous electrode reactions and applications 
to corrosion processes are briefly out- 
lined. 

Electrochemical conventions are dis- 
cussed in detail. The fundamentals of 
the kinetics of electrode processes are 
outlined, the special case of hydrogen 
overvoltage being gone into at some 
length. The connections between the 
thermodynamics of irreversible proc- 
esses and electrochemical kinetics are 
used to the fullest possible extent. 

A final chapter deals with thermo- 
electrochemistry and in particular with 
cells which are the seats of temperature 
gradients. The terminology and general 
method of presentation are those ini- 
tiated by De Donder and used already 
in another monograph by the present 
author (with Prof. Th. De Donder) en- 
titled “Thermodynamic Theory of Af- 
finity’ (Stanford University Press, 
1936). 


Paint and Varnish Course 


A short course in Paint and Varnish 
Technology will be offered by the 
School of Chemical and Metallurgical 
Engineering, Purdue University, June 
24-28. 


Zinc Institute Meeting 


American Zinc Institute will hold its 
39th Annual Meeting in Chicago April 
25-26 at Drake Hotel. First morning’s 
session will be held jointly with Lead 
Industries Association and The Gal- 
vanizers Committee. 


Ohio University Conference 


The Fourth Annual Conference o! 
Engineers and Architects, sponsored by 
the College of Engineering at Ohio 
State University is scheduled May 3 on 
the campus. 
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TODD gets ONE-COAT VINYL BUILD 
with SPEE-FLO hot spray 


Todd Shipyard Corporation’s General Manager James Goodrich 
wanted to cut down the 4-5 coats required for a specified mill- 
thickness of cold-sprayed protective vinyl finish. He found the answer 
—and improved quality at substantially lower cost — with Spee-Flo 
hot spray equipment. Now, equivalent thickness is obtained with a 
one-coat application at great savings in time and material. 


Users of the hot spray 
process for vinyl coatings 
report up to 300% longer 
film life, with average ma- 
terial savings of 25%, due 
largely to reduced over- 
spray. With hot spray, 
there are no runs and sags; 
a finish is smoother with less 
as . orange peel; build, hold- 
dee . a? out, and coverage are 
Se. : improved. 
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= WHAT TO LOOK . Simplicity — simple as an electric light. Turn it on in the morning 


. ready to spray in 5 minutes. Turn it off at night . . . patented, 


FOR IN HOT SPRAY coil-less construction eliminates daily cleanout or attention. 


2. Efficiency — full heating range . . . 90 to 180 degrees F. Easy, 


EQUIPMENT accurate control . . . maintains “factory fresh” efficiency . . . 


no coils to clog, no pump gears to wear. 


eSS, 


3. Proof — watch it work! There are 26 trained sales engineers, 
plus local distributors everywhere, who maintain stocks of 
Spee-Flo equipment. Ask for a demonstration. 


Spee-Flo Equipment Has ‘Em All! 
Compare Before YOU Buy. 


Get all the facts. including case 
history data, in the free booklet 
“Why Hot Spray?” 


ISP PIPE HOT SPRAY HEATERS 
Dept. C-29, 720 Polk, Houston, Tex. 


Approved 
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Foote Prints, a periodical published by 
Foote Mineral Co., 18 West Chelten 
Ave,. Philadelphia 44, Pa. includes in 
Vol. 28, No. 2 articles on electromanga- 
nese, manganese-bismuth and an article 
on titanium, zirconium and_ hafnium. 
Lithium metal is described in another 
article. Extra copies are available on 
request. 

© 
Ker-Chro-Mite AL, a chromate conver- 
sion coating for aluminum and its alloys, 
gives a strong protective coating to alu- 
minum which is suitable as a base for 
paints or as a corrosion resistant finish. 
It is made by Kosmos Electro-Finishing 
Research, Inc., 140 Liberty St., Hacken- 
satche; N;. F. 

@® 
Harco Corp., Cleveland has been named 
to distribute Dow magnesium anodes 
for corrosion control in the North Cen- 
tral territory. 


e 
NRC Metals Corp., formerly a wholly- 
owned subsidiary of National Research 
Corp. is now owned jointly by the latter 
firm and Columbia-Southern Chemical 
Corp. as equal stockholders. The firm 
will produce and sell to the Atomic 
Energy Commission and other custom- 
ers zirconium and hafnium metals. NRC 
metals has under construction near 
Pensacola, Fla. a plant designed to pro- 
duce hafnium and zirconium in sponge 
form for melters and fabricators. The 


zircon sand used as a raw material is 
available from Florida ore beds. 

a 
Planisol, a chemical detergent marketed 
by Dunham Chemical Co., a subsidiary 
ot National Cylinder Gas Co. will per- 
mit tankers to load cargoes of chemicals 
almost immediately after unloading a 
cargo of crude oil, the company says. 
The process includes cleaning tanks 
with a hot water solution of the chemi- 
cal sprayed into them. 


cd 
Electrical Cable Splices tailor made in 
the field now can be protected against 
the environment with an epoxy resin 
material. The technique, developed by 
Minnesota Mining and Manufacturing 
Co., 900 Fauquier St., St. Paul 6, Minn., 
involves successive wrappings of open- 
screen tape, liquid-impervious plastic 
tape and low stretch tape. The liquid 
impervious tape covers an injection fit- 
ting through which the plastic is in- 
jected with a hand-operated pressure 
gun. All components of the splice are 
available from Minnesota Mining. 
& 

Tinker & Rasor, San Gabriel, Cal. has 
developed a conductive silicon electrode 
for holiday detectors used to inspect flat 
coated surfaces. It replaces the wire 
brush electrodes used during the past 
25 years and permits scanning such 
coatings as hot bitumens, which will 
not adhere to the silicon due to its non- 


HYPALON 
in paint form! 


ES 


New RUBBER-COAT LIQUID HYPALON 


Sets a new standard for protection of equipment 
and structural steel, indoors and out. 


1. Hypalon resistance to chemicals, weather, salt water 

2. Wide temperature range — from —40°F to 350°F 

3. Highest ozone resistance; extreme grease and oil resistance 
4. Brushes and sprays like ordinary paints; dries in 14 hour 
5. In white, bright colors and black — semi-gloss 


Full information by return mail. Write: 


THE WILBUR & WILLIAMS CO. 


PRIM ic ae te etl ee ee 
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wetting property. The electrode, which 
looks and feels like black rubber, js 
molded around a metal plate which has 
mounting holes for bolting the electrode 
to a wand. It holds its shape and con- 
ductivity in temperatures from —20 to 
plus 450 F. Made in 4, 8, 12 and 16-inch 
widths with phenolic plastic wand han- 
dles, the electrode is flexible enough to 
conform to irregular surfaces. 

e 
American Potash & Chemical Corp, 
plans to construct a 5 million sodium 
chlorate plant at Aberdeen, Miss. 

@ 
Alcoa is now producing polyethylene 
covered aluminum, conductor, in single 
wire and stranded types in a large range 
of sizes. Thickness of the coating varies 
to customer specifications. 


6 
Avco Manufacturing Corp. broke ground 
for its $15 millions research and devel- 
opment center at Wilmington, Mass. on 
February 18. 


& 

Acheson Colloids Co., Port Huron, 
Mich. is making two new dispersions 
of glass in isopropyl alcohol, which, 
when applied at room temperatures form 
a dry, continuous film which inhibits 
oxidation and surface contamination 
during a heating cycle. They form pro- 
tective coatings for forgings of special 
alloy steels, titanium and other metals 
sensitive to oxygen and gases at high 
temperatures. 


e 
Tri-Point Plastics, Inc., 175-77 I. U. 
Willets Road, Albertson, L. I., New 
York, is now machining Teflon to toler- 
ances up to 0.0005-inch. 

a 
Aluminum welded into a hull for a 
55-foot towboat is expected to give the 
vessel 20 percent less draft with the 
same dimensions and horsepower as 
conventional workboats of other ma- 
terials. Bryant Boats, Inc., Bayou La- 
Batre, Ala. built the hull for use in 
South Louisiana marshes. 

e 
Flex-O-Tube Division, Flexonics Corp., 
Maywood, Ill. has developed a new line 
of Teflon hose assemblies with braided 
stainless steel wire covering. 

@ 
Robbins & Myers, Inc., Springfield, 
Ohio has developed a series of re-rated 
fan cooled motors said to be completely 
protected against moisture, dust and 
corrosive atmospheres. They are avail- 
able in sizes from ¥% to 40 hp. 

e 
Stainless Steel balls up to 11% inches 
in diameter are used in joints at the 
top and bottom of support columns in 
bridges designed by three engineering 
firms, including Harry A. Balke, 2330 
Victory Parkway, Cincinnati. 

7 e 

Linde Air Products Div., Union Car- 
bide & Carbon Corp. has new installa- 
tions under construction or soon to be 
started which will almost double oxygen 
producing facilities of the nation. About 
30 installations increasing production by 
nearly 2 billion cubic feet monthly have 
been constructed or contracted for. 


(Continued on Page 102) 
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reaTurine: NEW reo resTinc METHODS! 


Results of years of laboratory research and field testing are now 
available to the petroleum industry. 


¢ OUTSTANDING CORROSION INHIBITORS FOR 
CRUDE PETROLEUM FLUIDS 


¢ LONG LASTING EFFECTIVENESS 
¢ EXCEPTIONAL WETTING AND ADSORPTION QUALITIES 
¢ NEW FIELD TESTS FOR FAST SELECTION OF 
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es CHEROKEE 7% LABORATORIES, Inc. 


HOME OFFICE AND MANUFACTURING PLANT IN TULSA, OKLAHOMA 
Branches: Midland, Beaumont, Corpus Christi, Oklahoma City, New Orleans, Lafayette, La., Casper 
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(Continued From Page 100) 
Electrical energy generated by atomic- 
powered plants is expected to give 
Western Europe means of resisting 
Communism’s penetration and is ex- 
pected to prevent power costs from 
stifling economic growth of the United 
States, according to Don G. Mitchell, 
Sylvania Electric Products, Inc. 

e 
G. I. Russell & Co., Ltd., Toronto, Can- 
ada has been organized in two divi- 
sions, the Pipeline Engineering and 
Construction Division and the Corro- 
sion Control Division. The latter is 
under supervision of James R. Wad- 
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Assures highest degree 
of operating efficiency. 


aU ty Wea 
Exclusive 

WA) oe dN 
means longer 
anode life. 


P. O. BOX 1424C 


Michigan Consoli- 
and Union Gas Co. of 


dell, formerly with 
dated Gas Co. 
Canada, Ltd. 
e 
Gulf Oil Company’s petro-engineering 
service, offered cost-free to the com- 
pany’s customers, is designed to make 
available to them the latest discoveries 
by the company’s 1300 scientists, engi- 
neers, metallurgists and chemists. These 
discoveries include use of petroleum 
rust preventives. 
e 

Reynolds Metals Co., 2500 South Third 
St., Louisville, Ky. will send on request 
its “Corrosion Keys for Aluminum,” a 
6-page folder graphically showing cor- 
rosion rates of aluminum in varying 
concentrations of corrosives and com- 
mon industrial liquids and semi-liquids, 


ak anodes 


THIN SPIRAL CORE 
Perfectly bonded 
— gives more 
TEU ella tah 
per anode. 


No matter what the instal- 
lation — pipelines or well 
casing, marine or subsur- 
fol ae ALL Zot 
best anode buy! 


e TULSA, OKLAHOMA 
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including some foods. No data are given 
on temperatures, pressures or velocities, 
e 
Zirconium, reactor grade and commer- 
cial grade is supplied by UV. S. Industrial] 
Chemical Co., in the form of platelets, 
irregular flakelike pieces about the ¢:\ze 
of dimes and quarters. This form js 
superior to ordinary sponge, is clas ed 
as metal, and is, therefore, safe to 
handle. 
e 


Stainless Steel and gray tinted glass \ 
be used on curtain walls of a 52-st: 
office building to be erected on 
block between Madison Avenue 
Park Avenue, from 47th to 48th stre 
in New York City. The building \ 
house the home offices of Union (€ 
bide and Carbon Corp. and some of 
space will be available for lease. 7 
building is expected to accommod: 
about 5000 people. Completion is p1 
jected early in 1960. 

e 
“More Zr Facts,” a bi-monthly periox 
cal published by Carborundum Meta 
Co., Akron, N. Y. will be devoted 
technical data on zirconium. First issu 
is devoted to historical data and fe: 
tures a story on zirconium productioi 
Corrosion resistance of the metal wi 
be featured in future issues, amon 
other things. Copies are available o: 
request. 
e 
ion-exchange resins 
are described in a folder which lists 
available resins and gives a_ selected 
bibliography of technical writings o1 
ion exchange research. Copies are avail 
able from Bio-Rad Laboratories, 800 
Delaware St., Berkeley, Cal. 

e 


Beckman Instruments, Inc. Scientific 
Instruments Division plans to add 100,- 
000 feet of space to its present Fuller- 
ton, California plant as a research and 
development building. 

e 


Wilbur & Williams Co., 130 Lincoln St., 
Boston 35, Mass. has issued a_ folder 
titled “Solve These Maintenance Prob- 
lems of the Food and Chemical Indus- 
tries with W & W Specialized Coat- 
ings.” It lists products designed for 
specialized applications in these fields. 
e 


Hagan Chemicals and Controls, Ince. 

opened its new Rockwood, Mich. proc- 

essing and packaging plant February 7. 
6 


Protectoseal Company, 1920 S. Western 
Ave., Chicago 8, Ill. has developed a 
device which permits keeping the nozzle 
tip of a paint spray gun submerged in 
a solvent solution to keep paint from 
hardening on it. Similar receivers are 
made to which ends of paint spray hoses 
may be attached to prevent paint hard- 
ening at the quick-connector ends when 
they are not in use. 
@ 


Griscom-Russell Co., Massillon, Ohio 
has established a marine testing labora- 
tory at the Harbor Island, N. C. station 
of The International Nickel Co. It is 
designed to obtain data on heat transfer 
and evaporator equipment under service 
conditions and is expected to help the 
company in search for more efficient 
distillation equipment for use in a re- 
cently awarded research and develop- 
ment contract with Department of the 
Interior in the application of low- 
thermal-difference distillation. 


Analytical Grade 
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€ given 


“| CRETE NOW. . -effective.corrosion protection 


mM er. 
lustrial 


i ts, hristopher P. Blakeley has been ap- ae eo 
ze 2 


; ) inted chemical products engineer in 
orm is os ted P -+ for less 


boiler chemical sales department of 


clas “d gan Chemicals & Controls, Inc., 
= © tsburgh. 

od 
ss vill ¢ R. Robinson has been appointed 
st. ; nager of Middle W est Coating & 
de : pply, Tulsa, Okla. Formerly with 
i nhandle Eastern Pipe Line Co., Kan- 
ae, - City and Pittsburgh Coke & Chemi- 
g . a Co. He has been with Middle West 
or ce 1951. He is a NACE member. 
of t « . 


1 hn W. Cosier has been named chief 
nluct engineer of The Pfaudler Co., 


vod: chester, N. Y. per mil foot 


s pl e 
enneth Fowler has been appointed 


sie rthwest field representative for Per- with CA RB oO LI N E'S n 


Meta ilt Equipment Corp., Tulsa. His ex- 


‘ed 


ae ® 
a elvin W. Aarons has joined the tech- 
aie 1 cal staff of Bjorksten Research Labo- 

. tories, Inc. as senior physicist in the * a 


I wi lid state physics section. 


rience with pipe lines dates to 1931. 


mon e ; : 

le or George C. Stineback has been made = PpOoOxy T a r Cc oO at 3 n & gS 
rector of sales of the Chicago Divi- 
on of the Kendall Co. He formerly 


resins as general sales manager of Polyken z Q 
| ms idustrial Tapes. Higher solids content (83-91%) 
ected s 
2 i. B. Thompson has been promoted to Thickness 5-10 mils per coat 
— e post of general sales manager of 
800 Pipes pos oat 6 isiean.s 
eee ee Greater flexibility in temperature changes 
Harry A. Fedderson has been made 4 
ntific chnical director of Loven Chemical Coverage 1100-1250 mil ft./gal. 
ad peers Less creep in fresh and salt water 
uller- » 
ae Robert P. “Bob” White has been ap- : : ‘ ‘ 
pointed vice-president in charge of the Resistant to acids, alkalies, solvents, ammonia gas, water, 
H. C. Price Co., Pipe Coating Division, bri h di esi 
ie succeeding J. Stewart Dewar, wet re rine, num! ity, weathering 
ee tirement took place December 31. Mr. . : 
“a White has been manager of the firm’s Colors black, brown, brick red, aluminum — or can be given 
ob- tee tei’ Mclean aeae YORE. ; . 
idus- — en ae Phenoline 305-2 topcoat for any desired color 
-oat- Niles C. Bartholomew, general manager 
aes of Carborundum Metals Co. has been 
Ss. 


ee Oe ee ee Some of the many uses for Carbomastic 


Inc. 2 


roc Earl Erich has been named sales man- Epoxy Tar Coatings: 


ry 7. ager of Tube Turns Plastics, Inc. Louis- 
ville, Ky. A graduate of Muehlenberg 7 S ee 4 5 q 
sai College, he joined Tube Turns in Jan- Chemical Processing — tank linings and pipes carrying brine, process 
od a wary, 1955 and in May of that year was water, cooling water; also for maintenance and equipment. 
caine placed in charge of sales programs on 
d in the West Coast and in the Southwest. Petroleum — salt water disposal lines and wells, crude oil storage 
, He was made assistant sales manager ; <n c : i 
— in January, 1956. He is a member of tank bottom, pipe linings, crude oil flow lines, roof top exteriors. 
~~ NACE, Society of Plastics Industry, “ 
pi American Chemical Society and Ameri- Marine — offshore structures, tankers, barges, steel dock structures 
Aa can Welding Society. and equipment. 
S 
William B. Thomas has been named Pulp & Paper — structural steel, tank exteriors — all high-humidity 
manager of Kaiser Aluminum & Chemi- - d ti diti 
Jhio cal Corporation’s extrusion plant at GN CONGENSATION CONAITIONS. 
ra- ) » joined Kaiser in 1946. y 4 
ry a Dolton, Til. He a Kaiser in 1946 WRITE TODAY for technical data and corrosion charts. 
t 3s Ralph Bloom, Jr. has been given the Sample bars available — please describe problem. 
sfer newly created position of technical co- 
vice ordinator at Becco Chemical Div., Food Manufacturers of 
= Machinery and C ee Corp., Buffalo. PHENOLINE, POLYCLAD, 
ien 
9 ; : ; RUSTBOND PRIMERS. 
re- Aaron Misrock is new engineering sales ahi 
lop- representative of Water Service Labo- 
the ; ratories, Inc. in the Richmond, Va. area. 
ow- j His office will be at 728 East Main St. 
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(Continued From Page 103) 
Charles F. McMackin has been made 


superintendent of the Portland, Oregon 
plant of Stauffer Chemical Co. He 
joined Stauffer in 1943 as a control 
chemist. John B. Gay, formerly manager 
of the Portland plant has been made 
manager of the company’s Vernon, Cal. 
plant. 
e 


Harrison M. Love, Jr. will assist the 
Atlanta regional sales manager of Roys- 
ton Laboratories, Inc. in the Southeast- 
ern states. 

@ 


Elwood D. Mairs has been selected as 
the recipient of the 1957 David Ford 
McFarland Award for Achievement in 


CORROSION 
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Metallurgy by the Penn State Chapter 
of the American Society for Metals. He 
is works manager for Alcoa’s Lafayette, 
Ind. tubing and extrusion plant. 
a 
Norman D. Groves, has been named to 
direct the expanded corrosion research 
laboratory of The Carpenter Steel Co., 
Reading, Pa. and the overall corrosion 
research activity of the company. Re- 
cently corrosion engineer at the Han- 
ford Atomic Products Operation at 
Richland, Wash., Mr. Groves will have 
charge of Carpenter’s expanded inquir- 
ies into corrosion problems associated 
with atomic energy applications. He is 
a member of NACE technical commit- 
tees and the American Society for 
Metals. 
¢ 

Donald I. Bohn, Alcoa manager of spe- 
cial electrical development since 1953 
retired January 1 after 34 years with 
the company. He is widely known in 
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the electrical and power generation field 
as a designer, inventor and engineer 


a 
Bert S. Nelson is new director of en- 
gineering for the Products Division of 
Hills-McCanna Company, 3025 N. 
Western Ave., Chicago, Ill. He lives at 
Hinsdale, III. 

a 
Lee L. Davenport is scheduled to be 
president of Sylvania-Corning Nuclear 
Corp. when it is formed soon. 


e 
Henry Ott, formerly principal metallir- 
gist in Battelle Institute’s Alloys Dev«l- 
opment Division will work on problenis 
associated with the corrosion of metals 
on the metallurgy staff of Denver Re- 
search Institute, University of Denver. 
eo 
Joseph J. Tapas has joined the mark»t 
development department of Industrial 
Chemicals Division, Olin Mathieson 
Chemical Corp., Baltimore. 
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3. CHARACTERISTIC 
CORROSION PHENOMENA 


3.6 Electrochemical Effects 


3.6.5, 3.8.2, 3.5.9 

The Temperature Effect in Half-Cells. 
M. BonNeMAy. Proc. 6th Meeting Inter- 
nat. Cttee. Electrochem. Thermodynamics 
ind Kinetics (Poitiers, 1954), 1955, 68-76; 
lisc., 77-78. 

. Two similar electrodes immersed in two 
similar solutions but at different tempera- 
‘ures were arranged in opposition. With a 
ydrogen electrode, measurements were 
ade in hydrochloric acid (with additions 
f sodium sulfate, magnesium chloride, 
varium chloride and sodium chloride), 
sulfuric acid (with addition of sodium 
sulfate) and phosphoric acid. With cad- 
lium, measurements were made in cad- 
uum sulfate, cadmium nitrate + sulfuric 
icid, and cadmium chloride + sulfuric 
icid; with zinc, in zine sulfate; with 
opper, in cupric nitrate + sulfuric acid 
ind cupric sulfate + sodium sulfate. If 
m = voltage/temperature difference, 


Ym = Yo + (R/nF) In a, where R= gas 
constant, and nm = valency and a= activ- 
ity of the reacting ion. The values found 
for Yo (mV./°C.) are: H/Pt, 0.65; amal- 
gam of saturated cadmium, 0.3; cadmium, 
0.456; zinc or 10% zinc amalgam, 1; cop- 
per or 10% copper amalgam, 0.81. The 
results are believed to be correct to ~5%. 
Reasons are adduced for believing that the 
liquid junction exerts a negligible effect 
on the measurements. The figure obtained 
is independent of the nature of the anion. 
—MA. 11715 


3.6.8, 3.7.4, 3.8.2 

Fundamental Studies on Corrosion of 
Alloys. Rept. VI Relation Between the 
Hydrogen af tee and the Lattice 
Constant of Alloys. N. OHTANI. J. Japan 
Inst. Metals, 20, No. 3, 158-162 (1956) 
March. 

Concerning various metals with body- 
centered cubic, face-centered cubic and 
close-packed hexagonal lattices, the 
author investigated how the bond energy 
W and the adsorption energy U of 
atomic hydrogen showed a maximum 
value at the distance of the nearest 
neighbor atoms Y = 2.7 A. Then assum- 
ing the relationship between the bond 
energies and the lattice constants of 
those metals, the author also derived an 
experimental formula, in which the hy- 
drogen overvoltage showed a minimum 
value at Y = 2.7 A, to calculate the values 
of the hydrogen overvoltage of various 
metals and alloys.—JSPS. 12541 


3.6.8, 3.7.4, 3.8.2 

Fundamental Studies on Corrosion of 
Alloys. Rept. VII. The Hydrogen Over- 
voltage and the Bond Energy of e-Phase. 


PHOTOPRINTS and/or 
MICROFILM COPIES 


of Technical Articles Abstracted in 


CORROSION ABSTRACTS 


May Be Obtained From 


ENGINEERING SOCIETIES LIBRARY, 
29 West 39th Street, New York 18, 
N. Y. 


CARNEGIE LIBRARY OF PITTSBURGH, 
4400 Forbes St., Pittsburgh 13, Pa. 


NEW YORK PUBLIC LIBRARY, New 
York City, 

U. S. DEPT. OF AGRICULTURE 
LIBRARY, Office of Librarian, Wash- 
ington, D. C. (Special forms must be 
secured). 

LIBRARY OF CONGRESS 
Washington, D. C. 

JOHN CRERAR LIBRARY 
86 East Randolph St., 

Chicago 1, Ill. 


Persons who wish to secure copies of 
articles when original sources are un- 
available, may apply directly to any of 
the above for copies. Full reference in- 
formation should accompany request. 
The National Association of Corrosion 
Engineers offers no warranty of any 
nature concerning these sources, and 
publishes the names for information 
only. 

NACE will NOT accept orders for 
photoprint or microfilm copies of ma- 
terial not published by the association. 


Neither NACE nor the sources listed below furnish reprint copies. 


CODE OF AGENCIES SUPPLYING CORROSION ABSTRACTS 


ALL—The Abstract Bulletin, Aluminum Laborato- 
ries, Ltd. P. O. Box 84, Kingston, Ontario. 

ATS—Associated Technical Services Abstracts, 
Associated Technical Services, P. O. Box 
271, East Orange, N. J. 

AWWA—Journal, American Water Works Associ- 
ation, Amer. Water aa Assoc., 521 Fifth 
Ave., New York 17, N. 

BL—Current Technical Aeeches "— Telephone 
Laboratories, Inc., Murray H Hill, a 

BTR—Battelle Technical Review, Battelle Memo- 
det Institute, 505 King Ave., Columbus 1, 


io. 

BNF—Bulletin; British Non-Ferrous Metals Re- 
search Association. 81-91 Euston St., London 
NW. 1, England. 

CBEC—Centre Belge d’Etude de la Corrosion 
(CEBELCOR), 17 re des Drapiers, Brussels, 
Belgium. 

CE—Chemical aon, McGraw Hill ree 
ing Co. 330 42nd St., New York 18, N. Y. 

EL Electroplating, 83/85 "Udney Park Road, 

ddington, Middlesex, England. 

EW—Electrical World, McGraw-Hill Publishing 
Co. 330 W. 42nd St., New York 18, N. Y. 

GPC—General Petroleum Corp. of California. 2525 
East 37th St., Los Angeles 11, Calif. 

11M—Transactions, The Indian Institute of 
Metals, 23-B, Notaji Subhas Road, P. O. 
Box 737, Calcutta, India, 

INCO—The International Nickel Co., Inc. 67 Wall 
Street, New York 5, New York. 

1P—Iinstitute of Petroleum. 26 Portland Place, 
London W#1, England. 

JSPS—Japan Society for the Promotion of Science, 
Address: Mr. Hayata Shigeno, Secretary, 
Committee of Preventing Corrosion, c/o 
Government Chemical Industrial Research 
Institute, 1-Chrome Nakameguro, Meguroku, 
Tokyo, Japan. 


MA—Metallurgical Abstracts, Institute of Met- 
als, London, England. 4 Grosvenor Gardens, 
London SW 1, England. 

Mi—Metallurgia italiana, Associazone Italiana 
¢ wee. Via S. Paola, 10, Milano, 

ali 

MR—Metals Review, American Society of Metals. 
7301 Euclid Ave., Cleveland 3, Ohio. 

NALCO—National Aluminate Corp. 6216 West 
66th Place, Chicago 38, Illinois. 

NBS—National Bureau of Standards. Supe. of 
Documents, U. S. Gov't Printing ice, 
Washington 25, D. C. 

NSA—Nuclear Science Abstracts. United States 
Atomic Energy Commission, Technical In- 
formation Division, Oak Ridge, Tenn. 

PDA—Prevention Deterioration Abstracts. Na- 
tional Research Council, 2101 Constitution 
Ave., Washington 25, D. C. 

RAD—Reynolds Aluminum Digest, 2500 South 
Third Street, Louisville, Kentucky 

RM—Revue de Metallurgie, Paris, France. 5 Cite 
Pigalle, Paris (9e), France. 

RPi—Review of Current Literature Relating to 
the Paint, Colour, Varnish and Allied Indus- 
tries, Research Association of British Paint, 
Colour & Varnish Manufacturers, London. 
Waldegrave Rd., Teddington, Middlesex. 

SE—Stah! Und Eisen, Verlag —— M. B. H,, 
Dusseldorf, August-Thys: Str. 1. Posts- 
check Koln 4110, (22a) *Dusseldorf, Germany. 

TIME—Transactions of Institute of Marine Engi- 
poets 85 The Minories, London EC 3, Eng- 
land. 

UOP—Universal Oil Products. 310 South Michi- 
gan Ave., Chicago, IIlinois. 

ZDA—Zinc Development Association. 34 Berkeley 
Square, London s 
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N. Ourtant. J. Japan Inst. Metals, 20, No. 
3, 162-165 (1956) March. 

The author calculated approximately 
the value of the bond energy of the 
é-phase, an electron compound with 
close-packed hexagonal lattices, attribut- 
ing the extremely small value of the hy- 
drogen overvoltage of the e-phase to the 
adsorption energy of atomic hydrogen 
and therefore the bond energy of metals 
at the lattice constant a=2.7 A, Then 
deriving the relation among the first 
term of Tafel’s equation connected with 
the electrode metal, the bond energy of 
metal and the lattice constant @, the 
author showed the possibility of decid- 
ing the general tendency of the variation 
of the hydrogen overvoltage against 
changes in the composition of many 
alloys.—JSPS. 12543 


36.9, 7.7, 5.2.1 

Two Cases of Corrosion in Suburban 
New York Disguised as Galvanic—Their 
Cause and Mitigation. W. SEARLE Woop- 
waArD. Corrosion, 12, No, 9, 427t-432t 
(1956) September. 

Two cases are reported in which stray 
current potentials were mistaken for 
galvanic potentials from underground 
lead-sheathed telephone cables to ground. 
Lack of suitable meters prevented assess- 
ment of the true potentials of the cables 
which suffered severe corrosion damage. 

Case 1 pertains to relatively high stray 
current area adjacent to both the New 
York City subway system and the elec- 
trified New York Central Railroad. First 
tests showed steady positive potentials 
similar to those which might result 
from a galvanic source. When the fixed 
potential was blocked out by an opposite 
fixed potential, a marked fluctuation of 
potentials to earth was observed, Bond- 
ing reduced the cable-to-earth potential 
to a range of —0.1 to —0.4 volt. 

Case 2 pertains to a section of cable 
where an average of 8.9 failures per 100 
sheath miles per year occurred over an 
extended period of time. The damage 
began to occur shortly after discontinu- 
ance of a trolley system. A _ rectifier- 
powered cathodic protection system, in- 
stalled in 1940, improved conditions on 
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all but about 4,000 feet of the cable. 
Later, tests indicated alternating cur- 
rents from the 11,000-volt, 25-cycle re- 
turn of the New York, New Haven and 
Hartford main line were somehow re- 
lated to direct currents on the sheaths; 
surges being correlated to railroad op- 
eration. The author postulates that the 
direct current may have been the result 
of the rectification of several AC poten- 
tials of different magnitudes over a large 
area. Corrections attempted by bonding 
a half-wave selenium rectifier to the 
adjacent railroad structure were success- 
ful, but a series of rectifier breakdowns, 
due to surges, was experienced. The use 
of a rectifier embodying a_ protective 
circuit eliminated breakdowns, but addi- 
tional testing and corrections are being 
made to bring the whole section to a 
potential which will reduce corrosion. 


12207 
3.7 Metallurgical Effects 


3.7.3 


How to Use Fluxes and Solders for 
Good Joints, W. P. McQuILLan. West- 
inghouse Elec. Corp. Am. Machinist, 100, 
No. 1, 81-84 (1956) January 2. 

Includes corrosive vs non-corrosive 
fluxes, composition of solder alloys, effects 
of residual flux, techniques for removing 
flux, melting points for progressive assem- 
bly, joint strength vs temperature and 
electrical resistance of fluxes. Phase dia- 
grams for lead-tin solders are shown. 
Graphs, photomicrographs.—_INCO. 11366 


3.7.3 


The Effect of Cold Working on 
Changes in Properties of Metals and 
Alloys. Part I. Variation of Hardness 
and Tensile Strength by Cold Working. 
E. Donnces. Z. Metallkunde, 46, 867-872 
(1955) Dec. 

Effect of cold-working on hardness and 
tensile strength of metals with cubic 
structure was investigated. Curves of hard- 
ness and tensile strength as function of 
degree of deformation do not rise continu- 
ously, Explanation of effects observed is 
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given. Tests were on nickel, nickel silver, 
gold, copper and silver.—INCO. 11462 


3.7.3 


Lithium Additions to Brazing Alloys, 
N. Brepzs AND D. Canonico. Welding J, 
34, No. 11, 535s-543s (1955) Nov. 

Results indicate lithium to be suitable 
for development of self-fluxing braz ng 
alloys: lithium-bearing silver alloys | nd 
lithium-bearing copper alloys should pr ve 
useful for brazing plain-carbon and st: in- 
less steels, without flux or reducing atm )s- 


pheres—BNF. 11. 20 


3.7.3, 1.6 


Brazing Manual. Book, 1955, 193 op, 
Prepared by Committee on Brazing aid 
Soldering, American Welding Socie y. 
Reinhold Publ. Corp., New York. 

Principles, equipment and procedures 1- 
volved in all eight brazing processes, eve vy 
operation from pre-cleaning and’ surfa:e 
preparation to postbraze cleaning aid 
inspection and techniques of brazing alun i- 
num, magnesium, copper, steels, iro, 
nickel and many other metals are amoig 
the many topics discussed—INCO. 11323 


3.7.3, 6.4.2 


Soldered Joints in Aluminium : Mech- 
anism of Corrosion. W. J. SMELLIE. Ligiit 
Metals (England), 19, No. 220, 210-214 
(1956) July. 

Immersion tests in tap water at 100 C 
and 3% salt solution at room tempera- 
ture have been carried out on soldered 
joints in aluminum using tin, lead, cad- 
mium, zinc and alloys based on these 
metals as solders. Results indicate that 
electrochemical interface failure is to be 
expected on joints made from solders 
consisting of tin, lead and cadmium, 
This failure is relatively quick. Zine base 
solders free from harmful metals under- 
go slow attack on the solder body and 
are to be preferred where a wide range 
of service conditions is anticipated. 


(auth)—ALL. 12600 


3.8 Miscellaneous Principles 


3.8.2 
Aeration Cells. (In German.) HERIBERT 


GrusitscH. Monatsh. Chemie, 86, No. 5, 
752-764 (1955) October. 

Iron corrosion in a neutral aerated 
electrolyte solution as a pure diffusion 
controlled process. Tables, graphs, dia- 
gram. 37 references—BTR. 11798 


3.8.2 


Electrochemical Nomenclature and 
Definitions. PIERRE VAN RyYSSELBERGHE. 
Proc. 6th Meeting Internat. Cttee. Elec- 
trochem. Thermodynamics and Kinetics 
(Poitiers, 1954), 1955, 20-47; disc., 48-49. 

A report by a commission of which 
van Rysselberghe is chairman. Among 
the comprehensive list of definitions the 
following may be noted. The electro- 
chemical free energy of a one-phase sys- 
tem is defined as the energy diminished 
by temperature x entropy, The electro- 
chemical free enthalpy is the electro- 
chemical free energy +(pressure x vol- 
ume). The term ‘electrochemical double 
layer” is used instead of “electrical dou- 
ble layer.” The unit of advancement of 
a reaction is called a “dedonder,” so that 
affinities and heats of reaction are ex- 
pressed in cal./dedonder. In a galvanic 
cell, reversible electrical potential dif- 
ference = electromotive force. Noble elec- 
trode potential differences are positive 


—MA. 11807 
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Polykeni protective coating 
corrosion in this sulphuric acid plant 


They’re using durable Polyken Tape fo protect 
electrical conduit in and around the cooling tower 


The Switch Box and Controller 
Station you see here is located at 


the cooling tower of Gulf Oil’s Port 
Arthur, Texas, sulphuric acid plant. 
As you know, ‘where there’s sulphu- 
ric acid, there’s a big need for pro- 
tection against corrosion. 

Formerly, they used paint on the 
electrical conduit. That lasted only 


Poluken 


PROTECTIVE COATINGS 


THE KEN DALL COMPANY 
Polyken Sales Division 


CORROSION ABSTRACTS 


three or four months. 

But Polyken Protective Coating 
has kept the conduit in excellent 
condition since 1953. The tape itself 
is in excellent condition, too. 

Polyken Tape gives dependable 
protection becauseit’s manufactured 
from controlled raw materials under 
controlled conditions. Its tough 


eeerereees 


or phone Polyken Sales Division, 309 
W. Jackson Bivd., Chicago 6, Illinois. 
Webster 9-7100. 

Complete catalog, Sweet’s Industrial 
Construction File, Sec. B 


beats 


polyethylene backing offers high 
electrical insulation resistance, high 
resistance to corrosive action. 

Just as important, Polyken Pro- 
tective Tape Coatings go on right 
from the roll. The thick adhesive 
mass provides strong adhesion to 
cylindrical surfaces and a self-seal at 
the lap. That means faster, more 
effective, lower-cost application— 
when it’s put on and in the long run. 


To talk over your project—write, wire 
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3.8.2 


The Specific Adsorption of Ions at 
the Metal/Electrolyte Interphase. Rocrr 
Parsons. Trans. Faraday Soc., 51, No. 11, 
1518-1528 (1955). 

Thermodynamic equations for the sur- 
face excess at constant surface charge 
are derived. In integrating these, it is 
assumed that a charged polarizable 
metal plate is in contact with a solution 
containing cations and anions of the 
same valency in a structureless solvent 
and the double layer in the solution con- 
sists of a monolayer containing specifi- 
cally adsorbed anions and a _ diffuse 
double layer containing both anions and 
cations. Direct comparison of the effec- 
tive surface pressure of I” films on mer- 
cury is made with seven types of isotherm. 
Agreement is found with an isotherm 
based on either a virial equation of state 
with a square-root term or the Amagat 
equation and it is suggested that these 


POSITIONS WANTED 
and 
AVAILABLE 


@ Active and Junior NACE members and 
Companies seeking employees may run 
without charge two consecutive advertise- 
ments annually under this heading, not 
over 35 words set in 8 point text type. 


@ Advertisements to other specifications will 
be charged for at $10 a column inch. 


Positions Available 


Wanted—Two industrial salesmen under 
30 vears old, single, with engineering 
degree to sell and service materials in 
demand by pipeline companies in the 
southwest. Write us immediately for in- 
terview. CORROSION, Box 57-4. 


CORROSION ENGINEER 
or 
METALLURGIST 


with experience in solving refinery corrosion 
problems. Excellent working conditions in 


nation’s most modern oil refinery. Outstand- 
ing employee-benefit programs. 


Write, wire or telephone 
Employee Relations 
Department C 
SF DELAWARE REFINERY 
TIDEWATER OIL CO. 


Phone TAylor 4-4581 Delaware City, Del. 


Positions Wanted 


Corrosion Engineer and Metallurgist— 
12 years’ diversified experience in steel 
and chemical industry. Experience in- 
cludes production, sales and consulting 
phases of engineering work. Prefer tech- 
nical field contact work or staff position 
with opportunity for advancement. Will 
consider any location. CORROSION, 


Be xX 57-5. 


Corrosion Engineer, English, 3 years 
Cathodic Protection including overseas 
experience. Seeks progressive position 
anywhere in Canada or America. Avail- 
able June. CORROSION, Box 57-6. 
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permit the separation of interactions 
within the film from those of the film 
with the metal surface. There is no defi- 
nite preference for either equation; the 
former gives a slightly better fit with 
the experimental points, but the con- 
stants of the Amagat equation can be 
more readily interpreted. 25 references. 


—MA. 11911 


3 8.2, 6.3.19, 5.3.4 


Electrochemical Behaviour of Mono- 
crystalline Surfaces: Deposit and Elec- 
trochemical Attack on the (0001) Face 
of Pure Zinc. L. CAVALLARO AND G. P. 
Botocnesi. Rev. Met., 52, No. 9, 706-710; 
disc., 710 (1955). 


Electrochemical attack can be consid- 
ered as the inverse of electrodeposition 
and in both cases the best results are 
obtained by using a perfect surface, such 
as a freshly cleaved surface. Experi- 
ments were therefore made on _ the 
(0001) face of a single crystal of zinc, 
which is very easily cleaved. The bath 
consisted of: ZnSO«*7H:O 450, ortho- 
boric acid 30 ¢g/1., pH =3.5. The current 
density was found to have a considerable 
effect on the microscopic appearance of 
the deposit: at 1 amp./dm.’ isolated hex- 
agons were observed, but at 5 amp./dm.” 
the specimen was completely covered. 
At 20 amp./dm.? the surface was macro- 
scopically very irregular. The effect of 
various inhibitors was investigated; these 
usually affected the adherence and bril- 
liance of the deposit. The results were 
compared with those obtained, under the 
same conditions, by anodic attack; and 
certain parallels in the phenomena were 
observed, 8 references.—MA. 11787 


3.8.2 


Our Contemporary Conception of 
Electrochemical Mechanism of Corro- 
sion, Pt. I. (In German.) W. ScuHwarz. 
Metall, 10, No. 11/12, 513-519 (1956) 
June. 

Discusses chemical and electrochemi- 
cal corrosion; physical and chemical 
effects; hydrogen and oxygen corrosion. 
Diagrams, graphs. 5 refs—BTR. 12590 


3.8.2, 3.4.8 


Effects of Metal Cations on the Cor- 
rosion of Iron in Acids. Harry C. GAros. 
Corrosion, 12, No. 7, 322t-330t (1956) 
July. 

The corrosion of iron was studied in 
IN sulfuric acid, 1N hydrochloric acid 
and 1N acetic acid containing oxidizing, 
reducing, or stable metal cations. Oxid- 
izing cations (Fet***, Ce**++, Cu*+ and 
Cr.O;) increased the corrosion rate of 
iron in these acids. The increased rate 
was found to be a linear function of the 
cation concentration for the concentra- 
tion range studied (up to 0.1 g ions/ 
liter). For the same oxidation-equivalent 
concentration the corrosion rate was 
proportional to the valence change which 
the metal cations underwent during the 
corrosion process. Reducing cations 
(As*** and Sn**) decreased considerably 
the corrosion of iron in acids, whereas 
stable cations (Fe**, Mn*t, Cr**+ and 
Ni‘**) with the exception of Ni** showed 
no effect. 

The electrochemical action of the 
various cations was explained on the 
basis of corrosion data and _ electrode 
potential measurements. 12443 


3.8.2, 3.4.9 


A Study of Metal Corrosion with the 
Aid of the Heavy Oxygen Isotope. Part 
I. Moist Atmosphere Corrosion of Iron. 


Vol. 13 


(In Russian.) A. I. Bropski, A. S. Fo- 
MENKO AND T. M. ABrAMova. J. Phys. 
Chem., USSR (Zhur. Fiz. Khim.), 30, No, 
3, 676-684 (1956) March. 

Role of electrochemical and chemical 
mechanisms in the moisture corrosion 
of iron. Graphs, tables, diagram. 15 ref- 
erences.—BTR. 12346 


3.8.2, 6.3.21 


Electrochemical Behavior of Tellu- 
rium. Diagrams of the Equilibrium Ten- 
sion-pH of System Te/H:O at 25°C. (‘n 
French.) April, 1956, 26 pp. E. DeLtomre, 
N. pEZouBsoy AND M. PourBarx. Centre 
Belge d’Etude de la Corrosion, 21 Rue 
des Drapiers, Bruxelles, Belgium. 


The study gives free enthalpies of 
standard formation at 25 C, reactions 
and equilibrium formulae and diagrams 
of equilibrium tension-pH and interpre- 
tation. There is a bibliography of 47 
references and three figures. 1239) 


3.8.4, 6.3.6, 3.7.4 


The Rates of Oxidation of Several 
Faces of a Single Crystal of Copper as 
Determined with Elliptically Polarized 
Light. F. W. Youn, Jr., J. V. CATHCAR! 
AND A. T. GwatHMEY., Acta Metallurgica, 
4, No. 2, 145-152 (1956) March. 

Rates of oxidation of the (100), (111), 
(110) and (311) faces of a copper single 
crystal were determined at the tempera- 
tures 70, 106, 130, 159 and 178 C by 
measuring the increase in thickness of 
the oxide film as a function of time. A 
polarizing spectrometer was used to 
measure film-thickness, Particular em- 
phasis was placed on preparing a smooth, 
clean, strain-free surface of known 
orientation. Relative order of the rates 
of oxidation of these faces was found 
to be (100), (111), (110), (311) in de- 
creasing order. Results showed the great 
difference in the rate of oxidation with 
crystal face at these temperatures, the 
ratio of the thickness of the oxide on 
the (100) face to that on the (311) face 
being 12.5 for oxidation at 178 C. An 
analysis of the results, according to the 
present theories of the oxidation of 
metals, was presented. Illustrations.— 


INCO., 12197 


4. CORROSIVE ENVIRONMENTS 


4.3 Chemicals, Inorganic 


4.3.2 

Materials for Storage of Sulfuric Acid. 
(In Serbian.) E. RABALp. Zastita Materi- 
jala, 4, No: 6, 193-197 (1956) June. 

The corrosive effect of sulfuric acid 
on various types of steels and alloys un- 
der different conditions—BTR. 12556 


4.3.2, 6.2.1 

The Rates of Dissolution of Iron and 
Iron-Chromium Alloys in Nitric Acid. 
(In French.) T. G. Owe Bere. J. Chim. 
Phys., 54, No. 2, 163-168 (1956) Feb. 

The rates of dissolution in nitric acid of 
soft steel and iron-chromium alloys were 
measured between 0.25 N and 10 N. The 
soft steel and alloys with %, 1 and 2% 
chromium dissolve like Armco iron, the 
adsorption of the reagents governing the 
rate. For the other alloys, the rate of dis- 
solution is proportional to the square root 
of the acid concentration, Tables, graphs. 
2 references.—MR. 12376 


4.3.2, 6.3.10 
The Rate of Dissolution of Nickel in 
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...£0F Maximum service 


in high pressure, heat 
and corrosion applications 


@ Type 310 and 316 alloys @ 10 to 20 inch diameters 


@ Lengths to 50 feet @ Schedule 40 and heavier wall thicknesses 


High Integrity Pipe, for the toughest 
applications of the power, petroleum, 
chemical, and other industries, is now 
being extruded at the Metals Process- 
ing Division of Curtiss-Wright. In the 
Division’s giant 12,000-ton horizontal 
steel extrusion press, the inherent prop- 
erties of stainless steel alloys are trans- 
formed into pipe to your specification 
under tremendous one-push pressures. 


The result is uniformly high strength... 
high resistance to pressure, heat and 
corrosion. Investigate the superiority of 
this new pipe for your application. 

Tooling is in stock for prompt action 
on standard requirements as listed above. 
Inquiries are invited regarding special 
orders for diameters smaller than 10 
inches and for alloys other than the 
standard 310 and 316. 


86 Grider Street, Buffalo, New York 


are PROCESSING ABT 


ee 


CORPORATION ° 


BUFFALO, N. Y. 


Branch Offices: 
50 Rockefeller Plaza, New York, New York * 131 N. Ludlow Street, Dayton 2, Ohio * 2700 Lincoln 
Bivd., Santa Monica, Calif. * 4101 San Jacinto, Houston 4, Texas * City Bank Bidg., Chicago, Illinois 
In Canada: CURTISS-WRIGHT of Canada, Montreal, Que. 
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Nitric Acid. 
Bere. J. Chim. 
(1956) Feb. 
Rate was measured from 0 to 65 C for 
concentrations between 0.025 N and 14.5 N. 
3elow 3.5 N, the rate of dissolution is 
proportional to the square root of the con- 
centration. Above 9 N, the results are very 
complex and difficult to reproduce. Tables, 
graphs. 3 references.—MR. 12374 


(In French.) 
Phys., 


T. G. Owe 
54, No. 2, 154-162 


4.3.2, 6.4.2 

Aluminum Versus Fuming Nitric 
Acids. R. L. Horst. (A Report by NACE 
Task — T-5A-5 on Corrosion by Ni- 
tric Acid. J. English, Chairman.) Corro- 
sion, 12, Sy 10, 77 (1956) Oct. 

Tests on welded aluminum alloys with 
boiling 98 percent nitric acid show unin- 
hibited white and red fuming acid attacks 
both base metal and zones adjacent to 


PLASTIC COVERED 
HIGH-TENSILE 


THE ECONOMICAL 
INSULATOR... 


FOR SMALL AND INTER- 
MEDIATE SIZE PIPELINES 


LOS ANGELES 
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welds. At 160 F white, nitric acid attacked 
several welded specimens, all at the weld. 
At 122 F uniform corrosion under 20 mpy 
was noted with no corrosion at or adjacent 
to welds. Up to 122 F red fuming nitric 
acid is commonly handled in several alloys, 
while above this temperature knife-line at- 
tack adjacent to welds was noted on all 
specimens except 1060 welded with 1060 
which showed mild etch: As little as 0.1 
percent hydrofluoric acid inhibited red fum- 
ing nitric acid at 160 F, with 6061 welded 
with 4043 showing negligible attack after 
four weeks. Inert gas methods are pre- 
ferred over others to prevent corrosion as- 
sociated with flux. 12348 


4.3.3; :3;7.3, 5:3.2 

Corrosion in Caustic of Nickel-Iron 
Welds Obtained in Fabrication of Nickel- 
Clad Vessels: Topic of the Month. PAuL 


¢ CENTERS PIPE IN CASING 
* NO METAL TOUCHES CASING 
© ONE-PIECE ASSEMBLY 


T. LD. Williomvon. mc. 


BOX 4038 


cuaauaidegs. 
PLAINFIELD, N. J. © 


TULSA 9, OKLAHOMA 


HOUSTON ¢ AMARILLO e¢ PITTSBURGH e 
JOLIET, ILL. © JACKSON, MICH. e 
e SAN FRANCISCO ¢ BARTLESVILLE, OKLA. ¢ 

v 


SEATTLE ¢ EDMONTON ¢ TORONTO ¢ CALGARY « VANCOUVER 
BUENOS AIRES e 
NATAL, SOUTH AFRICA e@ PARIS, FRANCE 


CABIMAS, ZULIA, VENEZUELA e¢ DURBAN, 


Vol. 13 


J. GeGNER. Corrosion, 
(1956) June. 

Tests indicate that in nickel-clad ves: +s 
for sodium hydroxide, iron can be tolera ed 
in the welds up to about 25% in respect 0f 
corrosion. Additional work is planned 
evaluate susceptibility to stress cracki g 
The above figure is higher than has here ; 
fore been permitted in most Americ , 
specifications. —BNF. 12 


12, No. 6, 261t-2/2 


4.3.4, 8.3.1 

Corrosion of Metals by Liquid Fer ‘i 
lizer Solutions. D. C. VREELAND AND S. 
KALIN. Corrosion, 12, No. 11, 569t-5 
(1956) November. 

Laboratory corrosion tests were c 1 
ducted on aluminum, carbon steel, chi 
mium and chromium-nickel stainless ste: 's 
to evaluate their suitability as constrv - 
tional materials for storage, transport a d 
applicator tanks for “nitrogen” and “co :- 
plete-mix” liquid fertilizers. Two types « f 
corrosion tests were conducted: 1) Parti .l 
immersion of small specimens of each m: - 
terial in each fertilizer solution, and 2) 
Simulated service tests in which smail 
tanks fabricated of each of the test ma- 
terials were partially filled with each of 
the fertilizer solutions. The amount and 
type of corrosion was evaluated by weight- 
loss determinations, thickness changes, pit- 
depth measurements and metallographic 
examinations. 

The results of the corrosion tests showed 
that in the nitrogen fertilizer solutions 
aluminum and several chromium and chro- 
mium-nickel stainless steels were not at- 
tacked while carbon steel was attacked. In 
the complete-mix fertilizer solutions, only 
the chromium-nickel stainless steels were 
not attacked while aluminum carbon steel 
and three chromium stainless steels were 
attacked. 

Service tests are being considered on car- 
bon steel and some of the stainless steels 
that had satisfactory corrosion resistance 
in the laboratory tests, 12449 


4.3.5 

Development of Shipping Cylinders 
for C-216 (Fluorine). Problem Report 
JWD-43. J. F. Frontnc ann M. K. 
RicHarps. Du Pont de Nemours (E. I.) 
and Co. U. S. Atomic Energy Comm. Pubn., 
A-2555, January 20, 1945 (Declassified 
January 18, 1956), 13 pp. Available from: 
Office of Technical Services, Washington, 
Bet; 

Nickel and steel cylinders were evaluated 
for use in shipping fluorine under pressure. 
Data are summarized.—NSA. 12456 


4.3,6, 5.8.2 

Protecting Ammonium Sulphate Crys- 
tallizers by Means of Inhibitors. G. Ro- 
BERTI, et al. Metallurgia Italiana, 48, 281- 
286 (1956) June. 

Corrosion of 18/8 and 18/8/3 molyb- 
denum steels in ammonium sulfate crys- 
tallizers is inhibited by copper sulfate, 
potassium dichromate, hydrogen peroxide 
and sodium arsenite (about 100 ppm) .— 
INCO. 12572 


4.3.6, 6.2.3 

Contribution to the Study of Corrosion 
of Steel in Saline Solutions. (In French.) 
A. HacHeE, Rev. Met., 53, No. 76-79 ; 
disc., 80 (1956) Jan. 

The influence of temperature and salin- 
ity were studied according to the dissolved 
oxygen existing in the saline solutions. 
Diagram, graphs, table. 4 references.— 


BTR, 12462 


4.3.4, 8.3.1 


Liquid Fertilizers. L. Reznex. Petro- 
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leum Transporter, 17, No. 3, 
(1955) Jan.-Feb. 

Discusses opportunities and problems 
for tank truck owners in transportation, 
distribution and application of liquid fer- 
ilizers. Fertilizers adaptable to tank 
truck transportation are divided into 
four general categories: anhydrous am- 
onia, aqueous ammonia, nitrogen fer- 
tvizer solutions, and lawn-spray type 

utions. Basic requirements for tank 

cks to be used to transport these four 
ves of fertilizers are tabulated. Tank 
iterials include common steel, alumi- 

m and stainless steel. Since anhydrous 

imonia rapidly corrodes copper and 

yper-bearing alloys, all valves, piping 
| any other accessories in contact with 

terials must be steel—INCO. 11727 


.4, 8.3.1, 6.2.3 
[The Corrosion of Steels in Relation 
Fertiliser Chemicals. C. R. Pree. Fer- 
ser Soctety Proceedings. (England.) 
). 32, 31-47; disc., 48-49 (1955). 
[he corrosion of steels with special 
ference to fertilizer chemicals. In con- 
lering the types of steel available, ref- 
ence is made to the economic factors 
r lated to their production. Photograph, 
igram, micrographs, tables, graph. 15 
ferences.—MR. 11728 


3.4, 8.3.1 


The Chemistry and Metallurgy of 
orrosion of Metals by. Fertiliser Mate- 
als. W. D. Crark. Fertiliser Society 
l'yoceedings (England.) No. 32, 4-22; 
dise., p. 22-23 (1955). 

Theory of corrosion processes, resist- 
wice of metals to corrosion, corrosive 
properties of fertilizers. Tables, diagrams, 
photographs.—MR. 11828 


4.3.5, 3.4.8 


The Chemical Action of Chlorine and 
Its Compounds on Metals and Metallic 
Oxides. (In Polish.) WLApysLtaw Do- 
MANSKI, Archiwum Gornictwai Hutnictwa, 
3, No. 3, 401-435 (1955). 

The method of calculation of the 
chemical affinity of metals for chlorine 
vas as a function of temperature- has 
been illustrated in its application to the 
analysis of the Betterton process. Results 
were confirmed by the data of metallur- 
ical practice. Graphs, tables. 11 refer- 
ences.—BTR. 11918 


4.4 Chemicals, Organic 


4.4.3, 4.4.7 


Corrosion of Selected Materials in 
Pentalene 290 and a Mixture of Dow- 
therm A and Alkylbenzene. WALTER K. 
Boyp AND Ropert S. Peoptes. Battelle 
Memorial Institute. U. S. Atomic En- 
ergy Commission Pubn., BIM-1046, Oc- 
tober, 1955, 9 pp. 

Aluminum 52S and 61S, coupled and 
uncoupled samples of Armco 17-7PH, 
[ype 316 stainless steel, Hastelloy X, 
Croloy 5, Alfenol (15.5Al), zirconium- 
5wt.% tin, Zircoloy 2 and beryllium were 
tested, Pentalene 290 decomposes rap- 
idly at temperatures of 600 F and above. 
Diagram, tables, photographs.—BTR. 

11830 
4.4.7, 5.8.2 

Rust Inhibitors in Lubricating Oils for 
Periodically Operated Working Ma- 
chines. (In Russian.) B. V. LosrKov AND 
L. A, ALEKSANDROVA. Vestnik Mashino- 
‘troentia, 36, No. 5, 12-15 (1956) May. 

An experimental study of a number of 
‘ust-preventing. additives for lubricating 
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How can we stop corrosion ? 
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our troubles and prescribed TRUSCON CHEMFAST, corrosion and 
chemical resistant coating with Devran (epoxy resin).” 


@ If you have amy corrosion at your 
plant, stop it now before replacement 
costs eat gaping holes in your profits! 
Send coupon above—take advantage 
of Truscon experience and knowhow. 
Chemfast is a heavy-duty coating 
for protecting indoor and outdoor 
surfaces of wood, metal and masonry MADE WITH DEVRAN-= 
against moisture, acids and alkalis. It IT’S TOUGHER, 
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oils. Efficacy of the additives depends on 
the shape and positions of parts lubricated. 
Photographs, tables. 10 references—BTR. 


12496 


4.4.7, 5.8.2 

The Chemistry of Lubrication-Oil 
Additives. Arnotp Miter. J. Chemical 
Education, 33, 308-312 (1956) July. 

Antioxidants; lubricity and extreme- 
pressure additives; pour-point depressants ; 
viscosity index improvers; rust inhibitors. 
Photographs, graph. 22 references—BTR. 
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4.5 Soil 





4.5.1 

Specific Resistance (Electric) of the 
Soil. (In Dutch.) J. W. Boon. Publication 
43, July, 1956, 58 pp. Metaalinstituut TNO, 
Afdeling Corrosie, Delft, Holland. 

Methods of measuring soil resistance are 
outlined and instruments discussed. Chap- 
ter five explains the relation between the 
average specific resistance of ground and 
its corrosivity. A 50-page book giving 
specific field data on resistance measure- 
ments of soil in Holland is included. 12425 


4.5.1 

The Role of the Dispersed Soil Phase 
in Underground Iron ee (In 
German.) T. MARKOvIC, JAZBEC AND N. 
PLAVSIC. Werkaafe ’ Korrosion, 7, No. 
7, 385-390 (1956) pg 

Effect of dispersed soil particles in the 
water layer on the corrosion of iron. Oxy- 
gen distribution in the liquid column of 
dispersed alumina particles—BTR. 12548 


4.5.3 

Magnetic Amplifier Type Recording 
Instrument for Electrolysis Survey. 
MicH1o TANAKA, JIRO YAMAGUCHI AND 
YOSHIFUMI SAKURAI. Corrosion, 12, No. 
11, 549t-552t (1956) November. 

In order to make plans for corrosion con- 
trol of underground metallic structures it 
is necessary to survey the sheath current 
and potential against the ground. A current 
and voltage recording instrument which 
was designed for making an electrolysis 
survey is described and field test results 
are reported. The instrument consists of a 
push-pull self-saturation type magnetic 
amplifier and a conventional electrical re- 
cording voltmeter. It was found to perform 
as follows: 

1.For obtaining 0.6 volt (this corre- 
sponds to the full scale 50 mm in the re- 
cording meter used) input voltage of the 
amplifier with Mo-Permalloy cores was 
0.48 millivolt for sheath current measure- 
ment and 740 millivolts for cable to ground 
potential measurement in case of the power 
source of 90 cps with rectangular wave 
form. 

2. Response time was 7 cycles for cur- 
rent measurement and 4.5 cycles for voltage 
measurement. 

3. When the source was supplied from 
the power line (60 cps), the amplification 
factors decreased about 10 to 35 percent. 

The device had good stability, negligible 
drift and rugged construction. Therefore it 
is clear that this device is suitable for field 
test. 12453 





4.6 Water and Steam 





4.6.1, 5.8.2, 3.3.4 
What to Do When Water Changes Its 
Mind. F. S. Hopcpon. Heating, Piping, 
Air Conditioning, 28, 97-102 (1956) June. 
Water conditioning program includes 
proportional feeding of complex phos- 
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phates to makeup water, with bleedoff, to 
prevent scaling; addition of phosphates, 
nitrites, or chromates to the cooling tower 
water to prevent corrosion; and use of 
chlorine gas, sodium hypochlorite, or chlo- 
rinated phenols for algae and slime. Table, 
graphs, diagrams.—BTR. 12438 


4.6.2 


Corrosion in Steam and Condensate 
Lines. Causes and Prevention. (In 
French.) J. Prerrey, Corrosion et Anticor- 
rosion, 4, No. 5, 225-230 (1956) June. 

Corrosion caused by oxygen and espe- 
cially carbonic acid plus moisture. Various 
methods for removing carbonates and bi- 
carbonates from the water. Use of volatile 
amines and of film forming amines as neu- 
tralizers—BTR. 12538 


4.6.2 


Metallurgical Requirements of Metals 
for Steam Service Above 1000 F. F. B. 
Fotey AND R. M. WItson, Jr. Paper be- 
fore Am. Power Conf., Ann. Mtg., Chi- 
cago, March 21-23, 1956. Blast Furnace 
Steel Plant, 44, No. 5, 508-512 (1956) May. 

Covers high temperature tensile proper- 
ties and design stresses, oxidation and cor- 
rosion resistance, stability, thermal expan- 
sion, fabrication and welding and cost of 
alloys for steam service at 1000 F and over. 
Methods for determining design stresses 
based on ASME Power and Pressure Ves- 
sel Code are discussed. Stabilization by 
nickel of austenite and prevention of sigma 
or chi formation are considered and sigma 
phase diagrams are shown. Data are pre- 
sented for 2.25 chromium-1 molybdenum 
steel, Types 347 and 316 and 2 experimental 
alloys—15-15-N (14.75-18.00 chromium, 
13.5-16.5 nickel, 1.25-1.85 molybdenum, 
1.00-1.85 tungsten and 1.30 niobium + 
tantalum) and G-18B (13 chromium-13 
nickel 2 molybdenum-2.5 tungsten -3.0 
niobium + tantalum-10.0 cobalt). Tables 
graphs.—INCO. 12433 


4.6.2, 7.6.4, 7.4.2, 2.2.1 


Field Studies of Pre-Boiler Corrosion 
in High Pressure Steam Plants. H. A. 
GrABowskI, H. D. ONGMAN AND W. B. 
WILLsEY. Paper before Am. Power Conf., 
18th Ann. Mtg., Chicago, March 21-22, 
1956. Combustion, 27, No. 11, 46-51 (1956) 
May. 

Submits test results and experiences en- 
countered in collecting data for valid eval- 
uation of degree of corrosion existing in 
pre-boiler circuits of 21 utility unit boiler- 
turbine combinations. Manner and fre- 
quency of analyzing spot samples and loca- 
tion of test points are considered. Effect of 
deaeration on corrosion rate was evaluated 
in systems employing condenser hot well 
deaeration and systems using direct contact 
deaerating heaters. Chemical control of pH 
by use of morpholine, cyclo-hexylamine, 
ammonia or hydrazine is insufficient if large 
quantities of carbon dioxide or sulfur di- 
oxide are introduced into cycle. Am- 
monia, in pH range 8.5-9.5, reduced cop- 
per corrosion considerably. Table, graph. 


—INCO. 12439 


4.6.2, 7.6.4, 3.8.2 


The Reactions Between Solid Cupric 
Oxide and Iron or Fe,0,; and the Effect 
of Oxygen or Water Vapour. (In Ger- 
man.) K, Wickert AND H, Wiener. Werk- 
stoffe u. Korrosion, 7, No. 1, 13-16 (1956) 
Jan. 

Deposits in the tubes of high pressure 
boilers contain more or less copper and 
its oxides. Originally, cupric oxide is de- 
posited from water or vapor. It reacts 


with FesO, and with iron to form cop- 


per.—BNF. 
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4.6.11, 2.2.7, 6.4.2 

Corrosion of Aluminium Structural 
Parts of a German Escort Vessel Sunk 
During the War. (In German.) F. —£. 
Fatter. Aluminium, 32, No. 3, 136-138 
(1956) March. 

Investigation of the effect of sea water 
on the aluminum alloy wheelhouse, su- 
perstructure and roof, top bulw ‘ark, etc 
of a German escort vessel, “Konig 1 n 
Luise”, salvaged after 7 years’ total im- 
mersion, the vessel having been sunk in 
Wilhelmshafen by bombing. Alloys used 
were aluminum-copper-magnesium al- 
minum-clad sheet, with AlMg7 rivets and 
aluminum-silicon casting alloy window 
frames. All parts of commercially pure 
aluminum, anodized or painted aluminum 
or aluminum alloy except the AlMg7 
rivets (now no longer used) showed lit- 
tle or no corrosion. Results of some ten- 
sile tests are also given—BNF. 12457 


4.7, 5.3.2 

Stainless Steel Coatings to Prevent the 
Corrosion of Copper. L. O. Love ano 
W. K. Prater. Oak Ridge National Lab., 
Y-12 Area, Tenn. U. S. Atomic Energy 
Comm, Pubn., Y-703, January 12, 1951 
(Declassified January 5, 1956), 8 pp 
Available from: Office of Technica! 
Services, Washington, D. C. 

In separating the stable isotopes of 
lithium in the calutron, lithium metal was 
investigated as a possible charge mate- 
rial. First results indicated that the cor- 
rosive action of the hot lithium metal, 
especially on the copper castings of the 
source unit, would preclude its use unless 
some method of protecting the castings 
could be found. The noncorrosive prop- 
erties of iron suggested the possibility of 
coating those source parts affected by the 
lithium metal with non-magnetic stain- 
less steel. This was tried in the following 
manner: The charge oven casting and 
the arc chamber casting were sand 
blasted and a coat of stainless steel, ap- 
proximately 15 inches thick was sprayed 
on, The effectiveness of this treatment in 
preventing corrosion of the casting is 
clearly shown. Out of a total of 100 or 
more runs in which coated castings were 
used, no failures occurred due to corro- 
sion of the castings. (auth) —NSA. 12499 


4.7, 8.8.5, 5.3.4 

Notes on Attack of Zinc on the System 
Iron-Iron Carbide. (In German.) W. 
Kroos. Metalloberflache, 10, No. 6, 187- 
188 (1956) June. 

Material investigated was 0.18% car- 
bon rolled steel as used both for galvan- 
izing and for making kettles. Describes 
conditions leading to attack of zinc on 
ferrite, particularly however on carbide 
and pearlite. Promotion of attack by in- 
creased temperatures, particularly at ket- 
tle walls, leading to pitting and ulti- 
mately to fracture. Attention is drawn 
also to the effect of aluminum additions 
and to the stability of graphite-carbon 
and temper-carbon in contrast to car- 


bide—BNF., 12491 





4.7 Molten Metals 
and Fused Compounds 





4.7 

Attack on Materials by Lead at 1000 C. 
W. D. WiLxkrinson, E. W. Hoyt anp H. V. 
Ruupe. Argonne National Lab. U. S. 
Atomic Energy Comm. Pubn., ANL- 
5449, October, 1955, 30 pp. 

This is the Final Report on Program 
8.2.2 and covers work done prior to De- 
cember 1, 1949. 

A method for determining the resist- 
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KOPPERS 


CORROSION ABSTRACTS 


announces a new member of its 
famous family of BITUMASTIC® coatings: 


KOPPERS NO.99 
INSULATING COATING 


oly applications requiring both 


CORROSION PROTECTION w4 INSULATION! 


WHAT KOPPERS NO. 99 IS: Koppers No. 99 In- 
sulating Coating is a black mastic impregnated with 
cork. It was created especially for use where equip- 
ment requires both corrosion protection and insula- 
tion, and where potential savings in heat loss are not 
enough to justify expensive block-type insulation. 


WHAT KOPPERS NO. 99 DOES: One application 
of Koppers No. 99 not only protects metal surfaces 
against corrosion, but at the same time furnishes 
effective thermal insulation. It also waterproofs, con- 
trols condensation, and deadens sound. It is resistant 
to acids and alkalis, and retains full efficiency through 
the temperature range from 250F to —40F. It may 
be applied winter or summer, indoors or out. It dries 
rapidly, is highly resistant to fire when dry, and may 
be painted if desired. It can be used on ceilings, par- 
titions, air ducts, tanks, and many other surfaces. 


KOPPERS 
~ 


WHY KOPPERS NO. 99 IS EASY TO USE: 
Koppers No. 99 Insulating Coating requires no sur- 
face priming except under unusual conditions. Uni- 
form coatings of the desired thickness may be sprayed 
on in a single application, using any one of several 
standard types of heavy-duty spray equipment. 


HOW KOPPERS NO. 99 CAN SAVE YOU 
MONEY: If you have equipment or surfaces requir- 
ing both corrosion protection and insulation, Koppers 
No. 99 can save you money two ways. First: it effec- 
tively performs both functions with only one invest- 
ment in materials and application. And second: 
because this coating is Jong lasting it costs less per 
year than any other method of providing the same 
protection. For specifications and applications data, 
write: Tar Products Division, Koppers Company, 
Inc., Dept.100D Koppers Building, Pittsburgh 19, Pa. 


ONLY KOPPERS PROVIDES 


BITUMASTIC 


REG. U.S. PAT OFF 


COATINGS AND ENAMELS 


SOLD THROUGH INDUSTRIAL DISTRIBUTORS 
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ance of materials to attack by lead at 
1000 C is described. Results of prelim- 
inary tests indicate that sintered beryllia, 
fused silica, tantalum and probably nio- 
bium and a sintered mixture of beryllia 
and urania have good resistance. SAE- 
1020 carbon steel, Type 430 stainless 
steel, chromium, Type 347 stainless steel, 
Type 302 stainless steel, Inconel, molyb- 
denum, Armco iron, zirconium and tita- 
nium, had fair to poor resistance to 
attack by lead, in decreasing order as 
listed. Cast iron and uranium underwent 
complete dissolution. (auth)—NSA. 
11895 


4.7 

Materials and Fabrication. W. L. 
FLEISCHMANN AND R., F. Koenic. Paper 
from “Liquid-Metals Handbook. Sodium 
(NaK) Supplement,” 3rd. Ed., 1955, 159- 
186. U. S. Atomic Energy Commission 
and Department of the Navy. Available 
from Superintendent of Documents, VU. S. 
Government Printing Office, Washington, 
Pek. 

Factors which influence the choice of 
materials and fabrication methods for 
a sodium or Nak coolant system. Graphs, 
micrographs, tables, diagrams, photo- 
graphs. 38 references.—BTR. 11734 


4.7 

Corrosion by Liquid Metals. L. F. Ep- 
STEIN. Paper before Internat. Conf. on 
Peaceful Uses of Atomic Energy, Geneva, 
August, 1955. United Nations Paper 
A/CONF.8/P/119, July 7, 1955, 22 pp. 

For service in mercury, nickel free 
steels are best. To withstand high tem- 
perature as well, Sicromo 5 S (Croloy 5 
Si) which contains 5 chromium, 0.5 
molybdenum, 1.5 silicon is recommended. 
In mercury boilers, magnesium is added 
to the mercury charge as a_ wetting 
agent. The addition of 1 to 10 ppm 
metallic titanium to the mercury inhibits 
corrosion of ferrous alloys (nickel free) 
by mercury. This is a patented process. 
Stainless steel gains weight in sodium 
due to formation of surface films of 
chromium oxides. A low carbon steel 
loses weight continuously in sodium due 
to decarburizing action of the sodium. 
With 18/8 stainless penetration rates of 
0.1 mil per year (0.0025 mm/year) or 
less are readily achieved if the oxygen 
content of the sodium is kept low. In 
alkaline metals diffusion bonding takes 
place, between two pieces of solid metal 
immersed in liquid sodium at an elevated 
temperature. The liquid serves as a sol- 
vent and facilitates the transfer of atoms 
from one solid to another. Graphite is 
drastically attacked by sodium. Static 
and dynamic tests are described.—INCO. 


11775 


4.7, 1.6 

Thermal and Related Physical Prop- 
erties of Molten Materials. Part II. High 
Temperature Reaction of Sodium Hy- 
droxide. Date D. WititAMs AND R. R. 
Mitter. Naval Res. Lab., Washington, 
D. C. U. S. Wright Air Development 
Center, Tech. Rept. 54-185 (Pt. II), 
February, 1955, 64 pp. Project No. 1252; 
Task Title: Molten Metals. 

The reactions between molten sodium 
hydroxide and nickel and other container 
materials have been investigated in the 
temperature range 700 to 900 C. The 
general equation for the primary reaction 
occurring is: NaOH + Metal Na.O +4 
Metal oxide + H:. In static systems, nickel 
may be used as a container for molten 
sodium hydroxide at temperatures to 
1000 C with hydrogen protection.—NSA. 

11905 
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4.7, 1.6 

Liquid Metals Handbook: Sodium-NaK 
Supplement. (Heat Exchange). C. B. 
Jackson, Editor. Book, 1955, 445 pp. 
Available from: Supt. of Documents, 
Washington, D. C. 

A detailed account of all aspects of 
American experience of the use of mol- 
ten sodium and NaK for heat exchange 
purposes, including plant design —BNF. 


11872 


5. PREVENTIVE MEASURES 
5.1 General 


5.1, 1.3, 8.1.4 

Suggested Nontechnical Manual on 
Corrosion for Water Works Operators. 
Lee B. Herrzperc. J. Am. Water Works 
Assoc., 48, 719-738 (1956) June. 

Types of corrosion; costs; insulation; 
pipe fittings; painting and coating; bond- 
ing; cathodic protection; pipeline selec- 
tion. Diagrams, graphs, tables. 11 refer- 


ences.—BTR. 12446 


5.2 Cathodic Protection 


5.2.1 

Cathodic Protection. (In Dutch.) J. W. 
300N. Pubn. No. 42, July, 1956, 1-8. 
Metaalinstituut T.N.O., Afdeling Corrosie, 
Delft, Holland. 

Covers principles, galvanic methods, 
anode and cathode reactions, criteria of 
full protection, secondary effects and 
practical experience on a pipe line. 


Sz. 

Location of Contact Between Cathod- 
ically Protected Lines and a Foreign 
Line. L. F. Heverty. Pipe Line News, 28, 
49-50, 54 (1956) July. 

Contact between a cathodically pro- 
tected pipe line and a bare water line in 
a distribution network can destroy the 
usefulness of a cathodic protection sys- 
tem unless steps are taken to electrically 
isolate one from the other. Article dis- 
cusses the procedure used to find the 
exact location of a contact with a water 
line underneath a reinforced concrete 
paved street—BTR. 12442 


5.2. 

Spread of (Cathodic) Protection. J. H. 
MorGan. Corrosion Technology, 3, No. 6, 
194-196 (1956) June. 

The criterion of sufficient protection is 
that the potential of the cathodic struc- 
ture shall be more negative than a cer- 
tain critical value relative to the sur- 
rounding electrolyte. The operative 
factors are analyzed so that an economical 
design can be achieved.—BNF. 12528 


5.2.1 


Cathodic Protection Circuits. E. W. 
SCHWARZ AND R. M. WAINWRIGHT. Pa- 
per, AIEE Pacific Gen. Mtg., Butte, Mon- 
tana, August 15-18, 1955. Trans. Am. Inst. 
Elec, Engrs., Sec. 2. Applications and In- 
dustry, No. 21, 311-315 (1955). 

Outlines corrosion problem along with 
advantages and disadvantages of present 
methods of attack. Purpose and implica- 
tions of equivalent electric network and 
how it may be solved for corroding cell; 
use of present methods of circuit analy- 
sis to establish criterion for cathodic 
protection. Diagrams. 4 references.—BTR. 


11527 
5.2.1 


Pitfalls to Avoid in the Design of a 
Cathodic Protection System. WaAyNE A. 


V ol. 13 


Jounson. Pipe Line Ind., 4, 24-26 (1956) 
March. 

Consideration of these pitfalls will save 
money initially, cut operating expens:, 
insure maximum efficiency. Graphs, dia- 
grams.—MR. 1160? 


52.14.73 

Cathodic Protection Calls for Co- 
Existence. G. CorFIELp. Gas, 32, No. 
65-66 (1956) February. 

Organizations are being formed 1) 
prevent interference with and _ possible 
damage of adjacent underground struc 
tures of neighboring cathodic protectio 
installations. Policy and procedure f¢ 
such a cathodic protection committe 
are presented.—INCO. 11592 


5.2.1, 4.6.11 

The Cathodic Protection of Metalli 
Structures in Marine Environments 
W. A. Bowen, Jr. Corrosion, 12, No. 7 
317t-330t (1956) July. 

Theoretical and practical consideration 
involved in using cathodic protection in se 
water are covered, including anode loca 
tion, polarization, economics and othe 
factors. Specific cases of cathodic pro 
tection application are mentioned, in 
cluding drydocks and ships. Means oi 
checking the effectiveness of cathodic 
protection are reviewed. The importance 
of supervision by competent personnel 
is mentioned, as is automatic control of 
potentials. Other topics discussed in 
clude use of compartmented cells, effect 
of cathodic protection current on marin¢ 
growth and problems involved in mak 
ing cathodic protection automatic. 

11645 


52.1 

Cathodic Protection. W. Goprrey 
Waite J. Junior Inst. Eng., 65, No. 10, 
293-305 (1955). 

The theory of cathodic protection is 
outlined and its applications described. 


—MaA. 11820 


5.2.1, 5.4.5, 8.9.3 

Pipelining Oil and Gas Products. Part 
III. Protecting Buried Lines with Drain- 
age Bonds. O. C. Mupp. Petroleo Inter- 
americano, 13, No. 10, 74-76 (1955) Oct. 

Use of electrical-current drainage bonds 
in the cathodic protection of pipelines, 
is discussed. The drainage bonds are 
primarily installed to establish equal 
protection between adjacent structures 
and to alleviate damage to nearby un- 
protected structures. The need for bet- 
ter coating is also discussed. Require- 
ments of a good coating are 1) resistance 
to cold flow; 2) some resiliences; 3) low 
moisture transmission; 4) good bonding 
qualities; 5) immunity to fracture by 
temperature change or mechanical shock; 
and 6) reasonable cost and easy appli- 
cation. 


5.2.1, 8.4.3 


Application of Cathodic Protection to 
48 Well Casings and Associated Pro- 
duction Facilities at Waskom Field. 
G. L. Doremus, W. W. MacuH anp J. J 
LAWNICK. Corrosion, 12, No. 8, 415t-421t 
(1956) Aug. 

Casing failures caused by external cor- 
rosion attack led to an engineering study 
to obtain design data and costs for a 
multiple rectifier type cathodic protec- 
tion system for 48 wells. This protective 
system was subsequently installed in an 
effort to prevent further costly casing 
repairs. 

Difficulties encountered in obtaining 
the desired current drain of 1.5-2.0 am- 
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Why protective coatings last longer 
when applied by DeVilbiss Hot Spray 


DeVilbiss hot spray provides a heavier, 
more uniform, full-covering film build on 
all surfaces —rough or smooth, flat or 
irregular—than other painting methods. The 
result: protective coatings resist weathering 
and wear far longer when applied by the 
DeVilbiss hot spray method. 


More film build 
per coat 


By using heat as the principal thinner, 
DeVilbiss hot spray permits application of 
higher solid-content material, Even with 
standard formulations, materials can be ap- 
plied more heavily, and at far lower spray- 
ing pressures to greatly reduce spray fog. 
Thus, one coat sprayed hot generally equals 
the coverage of two coats applied cold. 


What’s more, with less thinner to evapo- 
rate, finishes dry faster and shrink less, 
leaving a heavier film — particularly on cor- 
ners and edges — for prolonged protection. 


Complete, 
uniform coverage 


The danger of leaving insufficient pro- 
tection on ridges, and sharp corners and 
projecting edges—which ordinarily are 
wiped thin by brushing—is eliminated. And 
sprayers can easily and properly coat hard- 
to-reach areas that prove to be difficult and 
time-consuming by other methods. 


For protection that lasts, combat corro- 
sion with fast, low-cost DeVilbiss hot spray. 


Call your nearby supplier for full infor- 


mation. The DeVilbiss Company, Toledo 
1, Ohio. 


FOR BETTER SERVICE, BUY 


DeEVILBISS 


COLD PAINT 


eet 


&SS08508 0 @0 


8 
O 
=e 


HEATED PAINT 


osleloseloe lente 


eoeoreeeneec 


Hot-sprayed material reaches the surface with less thinner 
present than in conventional cold applications. With less 
thinner to evaporate, and with solid particles more dense, the 
film dries faster, shrinks less, has less tendency to run and sag. 


ORDINARY METHODS HOT SPRAY METHOD 


Complex shapes — with ridges and recesses — are uniformly 
coated for prolonged corrosion-resistance with DeVilbiss hot 
spray. The old bugaboo of thin coats on edges (arrows, 
above) where weathering and wear is greatest is eliminated. 
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peres from each well and solutions to 
these problems are discussed. In final 
form the multiple rectifier installation 
provided all protective current for ap- 
proximately 75 percent of the wells, 
while magnesium anodes were used ex- 
clusively or in supplement to rectifier 
drainage for the remainder. 

All of the coated gas lines, an appre- 
ciable portion of the bare oil gathering 
lines and most of the production storage 
tank bottoms in the field were necessar- 
ily included in the cathodic protection 
system. In addition a separate rectifier- 
graphite anode system with new design 
features was installed for protection of 
an emulsion treater and brine handling 
equipment associated with a water-flood 
project in the field. 11891 


$2.1, 3.5.8 

Effect of External Current and Cathode 
Polarization by Protectors on Increase 
of Fatigue Strength During Corrosion. 
(In Russian.) L. A, GLIKMAN AND L. A. 
Suprun. Metallovedenie i Obrabotka Metal- 
lov, No. 6, 10-15 (1956) Dec. 

Fatigue curves for carbon-steel test 
specimens in air and salt solution with 
and without anodes of zinc-magnesium 
alloy. Effect of density of cathode cur- 
rent on corrosion-fatigue strength. 
Table, graphs, diagrams. Nine references. 


—MR. 12430 


5.2.1, 8.4.3 

Cathodic Protection Reaches up to 
Cover the Splash Zone. Maurice A. Rior- 
DAN. World Oil, 142, 250 +- 4 pages (1956) 
June. 

A jacket made from molding paster, 
gypsum and fresh water creates an en- 
vironment that will support proper cur- 
rent flow. Photographs, diagrams. One 
reference.—BTR. 12564 


5.2.1, 8.9.5 

Cathodic Protection and Shipping— 
Practical Considerations. A. W. Hupparp. 
Corrosion Prevention and Control, 3, 47- 
49 (1956) June. 

Application to tanker cargo-ballast com- 
partments and hull surfaces. Limitations 
of the galvanic system.— BTR. 12506 


5.2.2 

Zinc Anodes for Ships. H. S. PreEIseEr. 
Bureau of Ships J., 2, 15-17 (1956) June. 

Iron impurity was found to be the con- 
trolling factor in the ability of zincs to 
sustain continuous activity. Maximum 
iron that can be tolerated is 0.0014%. 
Diagrams, graph.—BTR. 12540 


bz 

The Behavior of High-Grade Zinc as 
a Galvanic Anode. H. SHIGENO AND H. 
YOSHINO. Corrosion Engineering, 5, No. 3 
33-37 (1956) June. 

Long term fundamental tests were car- 
ried out concerning the anode behavior 
of various grades of zinc in synthetic sea- 
water at room temperature, The results 
obtained were as follows: 1) Under an 
anodic current (1 mA/cm’), the anode 
potential of some grades of zinc became 
cathodic with the lapse of time. While, 
in the case of special high grade zinc 
(approx. 99.99% and 99.995% pure), the 
potential of —0.95~—1.0 V (referred to 
satd. calomel) was fully maintained. 2) 
Linear relations were clearly observed 
between the degree of increase of anode 
potential and the output current effici- 
ency or rate of self-corrosion. 3) The 
effect of amalgamation which decreases 
the anodic polarization was confirmed 
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only in the case of high-grade zinc.— 
JSPS. 12593 


5.2.2, 6.4.4 

A Mechanism for the Anodic Dissolu- 
tion of Magnesium. J H. GreEensiatrt. J. 
Electrochem, Soc., 103, 539-543 (1956) 
October. 

Magnesium anodes were electrolyzed 
in 3% sodium chloride solution in a simple 
electrolysis cell. Magnesium in the anolyte, 
magnesium in the corrosion product, total 
hydrogen evolved and weight loss were 
determined. It was found that the quanti- 
ties soluble magnesium, insoluble magne- 
sium, magnesium calculated from the cur- 
rent passed were in approximate one-to- 
one relationship with each other and all of 
these quantities are roughly half of the 
total weight loss. Hydrogen evolved was 
always slightly less than the soluble and 
insoluble magnesium, These facts are ex- 
plained and integrated into existing 
knowledge of the behavior of magnesium 
anodes by postulating that magnesium 
dissolves in the solution investigated 
mainly as a univalent ion followed by re- 
action of this univalent ion with water. 

12463 


5.2.2; 8.9.5 

Corrosion Control in Tankers by 
Cathodic Protection. J. S. Gerrarp. Cor- 
rosion Prevention & Control, 3, No. 6, 37- 
38 (1956) June. 

Reviews corrosion in tanker ballast 
compartments and mechanism of cath- 
odic protection with emphasis on use of 
Mapel finned magnesium anode, which 
combines functions of main and booster 
anodes. Initial large surface area of 
anode results in creation of high cur- 
rent density forming initial calcareous 
deposit. After sacrifice of fin, current out- 
put of anode reduces, remains constant and 
maintains initial polarization and calcar- 
eous film.—INCO, 12437 


5.2.4, 7.7, 4.5.2 

Potential Criteria for the Cathodic 
Protection of Lead Cable Sheath, K. G. 
Compton. Corrosion, 12, No. 11, 553t-560t 
(1956) November. 

A report is made of the study of the 
static and dynamic potentials of lead 
cable sheath in 48 soils from various sec- 
tions of the United States. Soils have 
been selected as representative of those 
actually in contact with cable sheaths. 
Anodic and cathodic polarization curves 
in representative soils, using a null bridge 
technique, are given to illustrate the po- 
tential changes accompanying corrosion 
and cathodic protection. Data indicate 
that significant corrosion may occur at 
potentials near the static potential of the 
lead sheath for that particular soil. To 
achieve cathodic protection it appears 
that the lead sheath should be polarized 
about 100 millivolts more negative than 
its static potential in the particular soil. 
In most soils this would require polariza- 
tion to about 700 millivolts negative to 
the saturated copper-copper sulfate 
electrode. 12451 


5.2.4 

Major Factors in the Cathodic Pro- 
tection of Steel in Sea Water. L. J. 
Wa .prON, E. E. NELSON AND M., H. 
PeTeRSON. Naval Research Laboratory 
Rept. August, 1955, 21 pp. Available 
from: Office of Technical Services, U. S. 
Dept. of Commerce, Washington 25, 
D. C. (Order PB 111807). 

Examination of data obtained by NRL 
and other laboratories shows that the 
best available criterion for the cathodic 
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protection of steel in sea water is polari- 
zation to —0.85 volt to a copper-copper 
sulfate electrode. There is evidence thai 
this is inadequate in waters heavily pol- 
luted by organic wastes, in the presenc« 
of anaerobic bacteria and in the presenc«¢ 
of certain types of fouling. Research in 
dicates that the major forces influencin; 
current distribution in cathodic protec 
tion are water resistivity and polarization. 
Relatively high water resistivity tends 
to give nonuniform distribution of cur- 
rent, while high polarization produces 
uniform distribution. Mathematical solu- 
tions have been derived for the simples; 
cases and aid in understanding the fac 
tors involved. 1185 


5.3 Metallic Coatings 


5.3.2 

Protection Against Corrosion. Pt. I) 
The Ground Metal and Its Coating. Pt. 
III. The Use of Metallic Coatings. P 
Morisset. Industrial Finishing, 9, Nos. 94 
95, 507-510, 569-574 (1956) April, May. 

II. Shows that a metallic coating only 
has significance if its thickness is speci 
fied. Anodic and cathodic coatings, a: 
well as the various factors promoting a 
good corrosion resistant coating are cov 
ered. Diagrams, graphs, 5 references. 

III. Properties of electrodeposited coat- 
ing metals and conditions under which 
they are likely to be used. Table, 4 refer- 
ences.—MR. 12516 


5.3.2 

Sprayed Aluminium Coatings. (In Ger- 
man.) H. REININGER. Aluminium, 32, No. 
8, 480-485 (1956) August. 

The development of metal spraying 
techniques is traced and the practical ex- 
perience collected in spraying steel with 
aluminum to provide protection from 
corrosion and scaling, as recorded in the 
international technical literature, is sum- 
marized. Data are presented concerning 
the thickness of the aluminum coating 
required in various corrosive media, such 
as industrial and marine atmospheres 
and also sea water. Some representative 
examples of practical applications of 
aluminum spraying are given. It is said 
that sprayed pure aluminum coatings 
also find application as protection for 
copper-containing aluminum and mag- 
nesium alloys. A further special type of 
metal spraying, called Alumetization, is 
discussed. This process embodies a sub- 
sequent treatment of the sprayed alumi- 
num coating, viz. the application of a 
sodium silicate covering layer and heat- 
ing between 950 and 1000 C. By diffusion 
of the aluminum coating into the ground 
metal an alloy-bond will result and upon 
solidification of the aluminum-iron solid 
solution an intermetallic compound 
AlsFez, will appear. Various techniques, 
using special steels and molybdenum al- 
loys as ground metals and different alu- 
minum alloys as coatings, are described. 
—ALL. 12579 


5.3.2 

Study of Corrosion and Wear Resist- 
ance of Calorized Steel. S. G. Bocpanov. 
Metallovedenie i Obrabotka Metallov, No. 
3, 25-31 (1955). 

Corrosion resistance of steel specimens 
calorized at various temperatures and 
for various lengths of time, when ex- 
posed to 50% nitric acid, hydrochloric 
acid, sulfuric acid, picric acid, water 
vapor above 3% salt solution and, at 
high temperatures, to reducing and to 
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oxidizing atmospheres. Calorizing com- 
pound used. Results of frictional-wear 
test; testing procedure. Comparison with 
chromium-coated and with as-normalized 
uncalorized steels. Effect of quenching 
and tempering subsequent to calorizing 
upon resistance to wear and corrosion. 
Behavior of calorized steel after upset- 
ting and continued heating for various 
times. Conclusions: Promise of caloriz- 
ing for improved frictional wear resist- 
ance at high temperatures and for other 
applications. Best calorizing temperature 
and time. Translation available: Henry 
Brutcher, P. O. Box 157, Altadena, Cal- 
ifornia. 11705 


5.3.2 


_ Proposed Substitutes for Nickel Plat- 
ing. A. K. GraHAm. Plating, 43, No. 2, 
218-220 (1956) Feb.; Metal Finishing, 54, 
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No. 2, 65-68 (1956) Feb. 

Data on proposed substitutes for nickel 
plating were compiled from questionnaires 
sent to various companies and individu- 
als. Substitute bright chromium coatings 
for nickel-chromium over ferrous basis 
metals include copper-nickel-chromium, 
copper-chromium, (copper + tin)-nickel- 
chromium, (copper -++ tin)-chromium, lead- 
antimony-chromium, white brass-chro- 
mium, chromium and copper-white brass- 
chromium. Proposed substitutes are more 
suitable in general for indoor service and 
except for heavy buffed copper-standard 
nickel-chromium combination are wholly 
inadequate as substitutes for nickel- 
chromium in severe outdoor service. 


Tables.—INCO. 11619 


$.3.2 
Hot-Dip Aluminized Steel—Its Prep- 


ea 


Producing Coal Tar Enamels to 
meet Reilly and customer stand- 
ards is the job George Jackson 
has. Coal Tar Enamels manufac- 
tured at the Reilly Lone Star 
plant, as at all Reilly plants, are 
uniformly excellent, giving the 
same “feel” of high quality — 
shipment after shipment. 


\} 
Qo 


As Assistant Manager and Plant Super- 
intendent of Lone Star, Ralph R. Nich- 
olas’ job is quality control cf produc- 
tion and expediting of customer require- 
ments. His mission is to provide the 
enamel coating products with quality 
that will arm them to fight against cor- 
rosion wherever they encounter it. 
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MERCHANTS BANK BUILDING, INDIANAPOLIS 4, INDIANA 


Sales Offices in Principal Cities 


P.O. Box 370, Granite City, Illinois 
Box 247, Lone Star, Morris County, Texas 


Vol. 13 


aration, Properties and Uses. M. L 
Hucues. Paper before Sheet & Stri; 
Metal Users’ Tech. Assoc., Conf. or 
“Modern Materials,” London, October 
10-11, 1955. Sheet Metal Inds., 33, No 
346, 87-97; disc., 97-98 (1956) February 

Reviews development of aluminizing 
manufacture of hot-dip aluminized stee 
by calorizing, Armco aluminizing an 
Acco process for strip and wire, Molle: 
izing and Aldip processes; properties c 
aluminized steel including structure c 
coating, resistance to deformation, cor 
rosion resistance (humidity, sulfur di 
oxide, flue gases) and resistance to heat 
References are made to superior corro 
sion and oxidation resistance of alumi 
nized stainless steels and to cases wher 
hot-dip aluminized mild steels have re 
placed more expensive heat resistin 
steels (18 chromium-10 nickel steel i 
Diesel exhaust manifolds and stainles 
steel in military tank heat exchanger 
for 900 C service. Tables, graphs, photo 
micrographs.—INCO. 11637 


5.3.2 


Iron-Zinc Alloy Electroplating as a 
Protective and Decorative Finish for 
Steels. F. W. Sart. Electroplating & Metai 
Finishing, 9, No. 1, 3-5 (1956) January. 

Processes for electrodeposition of a 
wide range of iron-zinc alloy coatings 
on steel and properties of these alloys 
are described. Alloys with a low zinc 
content (6%) are hard, can be deposited 
bright and thus might be used as a base 
for other electro-finishes because of their 
smoothing action. Alloys with 35-65 zinc 
give good corrosion protection, are hard 
compared with zinc, seem suitable as a 
base for painting and give effective ca- 
thodic protection to the steel without 
being so liable to react with the paint as 
is pure zinc. 60% alloy can be deposited 
bright and might be suitable undercoat 
for chromium plating. Tests show that 
alloys of 35-65 zinc give corrosion pro- 
tection equal to zinc. Alloys show good 
adhesion to the steel base and coated 
sheet or strip can be deformed without 
damage to the coating and the rates of 
electrodeposition are high. Photos, 


tables.—INCO. 11651 


Soe 

Electrodeposition of Titanium on Base 
Metals. M. E. Sipert ANd M. A. STEIN- 
BERG. J. Electrochem. Soc., 102, No. 11, 
641-647 (1955) Nov. 

Adherent coatings of titanium up to 
0.005-inch thick could be electrodepos- 
ited on steel and other basis metals 
from fused sodium chloride/potassium 
fluotitanate mixtures. The coatings were 
bonded by an alloy intermediate layer 
and gave good corrosion protection.— 


BNF. 11510 


53.3; 2.5; 1:6 


Specification and Tests for Electrode- 
posited Metallic Coatings. Brochure, 
September, 1955, 96 pp. American Soci- 
ety for Testing Materials and American 
Electroplaters’ Society. Available from 
ASTM, 1916 Race St., Philadelphia 3, Pa. 

This issue collects 17 items (specifi- 
cations, methods of testing and recom- 
mended practices), dating from 1949 to 
1955. All 7 specifications have been re- 
vised in 1955; tentative method for acetic 
acid-salt-spray (fog) testing has been 
added since previous edition —BNF. 

11684 
5.3.2 


Precious Metal Plating: Uses Expand 
in Industry. P. J. SLOANE AND I. Cross. 
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Harper-Leader, Inc. Iron Age, 176, No. 
0, 120-123 (1955) Nov. 17. 

Precious metal plating, once considered 
too expensive for industrial use, is rapidly 
finding its way as a low-cost method of 
ichieving optimum service ability. Elec- 
‘ronic components serve as a major field 
or precious metal plating, with the more 
-ommon metals in use being gold, silver, 
-hodium, platinum and palladium. The 
ise of silver in electronics and as a non- 
alling anti-friction surface is widespread. 
[ypical applications include silverplated 
fasteners for jet engines and thin coatings 
of silver on bearing surfaces, Precious 
netal plating also aids microwave trans- 
nission, Parts plated with rhodium are 
xcellent for contact surfaces requiring a 
ow stable resistance because they re- 
nain completely free of surface films, Al- 
nost complete chemical inertness of rho- 
lium is an asset—INCO. 11011 


5.3.2) 3.058 

The Effect of Different Chromium 
Deposits on the Fatigue Strength of 
Hardened Steel. J. E. Srarecx, E. J. 
SEYB AND A. C, TULUMELLO. Paper before 
\m. Electroplaters’ Soc., 42nd Ann. 
Conv., Cleveland, 1955. Plating, 42, No. 
11, 1395-1402 (1955) Nov. 

Fatigue properties of hardened SAE 
4140 when plated with different types of 
chromium were investigated. Stress in 
the chromium deposit is the primary fac- 
tor in determining the fatigue limit. The 
crack pattern is related to stress and thus 
indirectly to fatigue in unbaked deposits. 
Neither hydrogen embrittlement of base 
metal or harline cracks formed during 
electrodeposition, which might act as 
notches, can account for experimental re- 
sults. Development of baths and plating 
conditions which give improved fatigue 
properties is discussed. For comparison 
with improved chromium deposits, de- 
posits from dull, Watt’s type nickel, 
bright nickel with an organic brightener, 
copper from pyrophosphate type bath and 
lead plate were tested at 0.001-inch thick- 
ness on SAE 4140. Watt’s type nickel 
gave a fatigue limit of only 45,000 psi 
while bright nickel gave value of 85,000 
psi., agreeing with findings with softer 
steel that compressively stressed bright 
nickel gives better fatigue properties than 
Watt’s nickel with tensile stress. Tables, 
graphs. 16 references.—INCO. 11009 


5.3.2, 3.5.8 

Internal Stresses in Electrodeposits of 
Nickel. A. G. SAMARTSEV AND Yu. V. 
Lyztov. J. Phys. Chem., USSR (Zhur. 
Fiz. Khim.), 29, 374-379 (1955); Chem. 
Absts., 49, 10093 (1955) August 10. 

When nickel was deposited on stainless- 
steel ribbon from bath of nickel sulfate, 
orthoboric acid and potassium chloride, 
“bending” of ribbon was proportional to 
amount deposited and almost independent 
of current density (5-25 ma./sq.cm.). 
Stresses in deposits were caused by vol- 
ume changes in intercrystalline layers 
and by contraction of lattice, due to 
liberation of hydrogen—INCO. 10978 


RY 

Tin-Nickel Alloy Plated Coatings. 
R. T. Gore. Materials & Methods, 42, No. 
4, 102-105 (1955) October. 

Properties of deposit and details of plat- 
ing process for tin-nickel alloy coatings. 
Tin-nickel alloy is deposited as an inter- 
metallic compound of 65 tin and 35 nickel. 
Plate thickness, throwing power, appear- 
ance, corrosion resistance, resistance to 
tarnishing, solderability, hi ardness and wear 
resistance, ductility, internal stress and 
temperature resistance are discussed. Ap- 
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plications include chemical processing 
equipment, food machinery castings, small 
parts (screws, nuts) and electronic parts. 
Plating process is outlined. Tables present 
data on resistance of tin-nickel to various 
corrosive chemicals in solution and in at- 


mosphere.—INCO. 11480 
53.2 

Copper-Tin-Zinc Plating. J. B. Mou- 
LER. Metal Finishing, 53, No. 10, 47-51 


(1955) October. 

A survey of a wide range of binary and 
ternary copper-tin-zinc alloys deposited 
from an alkaline cyanide bath: copper-tin- 
zine (55/30/15), copper-tin (93/7, 80/20, 
60/40 and 2/98), copper-zine (92/8, 80/20, 
75/25, and 25/75) and tin-zine (80/20). 
Properties and application (e.g. bearing 
surfaces, undercoating and decorative ap- 
plications) for each alloy are given. Con- 
trol of alkaline cyanide bath for correct 
alloy deposition; metal ion content, free 
cyanide and free alkali, temperature, ca- 
thode efficiency, composition of the depos- 
its, etc. 16 references.—BNF. 11419 


5.3.2 

Effect of Deposit Thickness on the 
Structure and Properties of Electrode- 
posited Metals. N. P. Fepot’ev, N. P. 
GNUSIN AND P. M. VyacHEsLavov. J. Ap- 
plied Chem., USSR (Zhur. Prikladnoi 
Khimii), 28, No. 6, 634-637 (1955) June. 

Above studied during deposition of cop- 
per, zinc and cadmium from acidic baths. 
4 references, 5 figures—ATS. Translation 


available: Associated Technical Services, 
P. O. Box 271, East Orange, New Jersey. 
11457 


53:2 

The Structure of Electrodeposited Al- 
loys. Part IX. Silver-Thallium Alloys. 
(In German.) E, RAusp Anp F. SAvuTTER. 
Metalloberflache, Sec. B, 9, No. 10, 145B- 
147B (1955) October. 

Electrodeposition investigated from a 
silver-potassium cyanide bath with added 
thallous sulfate; cathode potential-current 
density, composition of deposit vs. current 
density, hardness of deposit vs. thallium 
content, alteration of lattice constants of 
electrodeposited 11.7 percent thallium alloy 
on annealing at 150C and of lattice con- 
stants and hardness of 9.3 percent thallium 
alloy on annealing at 200C. Structure dis- 
cussed and compared with that of other 
silver-alloy deposits—BNF. 11505 


5.3.2 

Influence of Hydrogen on the Mechan- 
ical Properties of Electrolytic Nickel. 
(In Russian.) A. L. Rorrnyan and others. 
Doklady Abad. Nauk SSSR, 104, No. 5, 
753-755 (1955) October 11. 

Effect of pH of a Watts-type bath on 
current efficiency, composition (carbon, 
oxygen and hydrogen content), internal 
hardness, tensile strength, elonga- 
tion, behavior in Erichsen test and density 
of the deposits. Also dependence of inter- 
nal stress on the concentration of “organic” 
impurities (pinewood, canvas, filter cloth) 
in the electrolyte. Concludes that adsorbed 
hydroxides, basic salts or organic com- 
pounds containing hydrogen have an im- 
portant influence on the properties of the 
deposits, but that there is no evidence for 
any action by “gaseous” hydrogen.—BNF. 


11489 


stress, 


5.3.2, 1.6 

Corrosion Protection with Aluminum 
Coatings. Part III. (In Dutch.) Brochure, 
February, 1956, 58 pp. E. M. J. MuLpers, 
W. G. R. bE JAGER AND J. W. Boon. 
Metaalinstituut TNO, Delft, Holland. 
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This is Part III of the institute’s series 
of reports on the laboratory testing of alu- 
minum and aluminum coated steel. Results 
of test series IV and V and of one of the 
sixth proof series are included. Data are 
given on physical changes and weight 
losses of materials submerged in water. 
Galvanic action between aluminum, steel, 
zinc-coated steel, are tabulated. 11376 


Sidi; fod 

The Improvement of Bearings by 
Electrodeposition (of Lead, Lead-Ind- 
ium, and Lead-Tin Coatings). W. RoccEN- 
porF. Metalloberflache, A, 9, No. 5, 76-77 
(1955). 

Electrodeposited films of lead, or bet- 
ter still, lead-tin or lead-indium on the 
bearing surfaces of cast iron, bronze, lead- 
bronze, silver and silver alloy bearings 
considerably enhance their effectiveness. 
Data are given as to the compositions and 
operating conditions of the baths employed 
for producing such films. Lead is usually 
deposited from a fluoborate bath. However, 
as pure lead is rapidly attacked by the 
mineral and fatty acids contained in lubri- 
cants, a lead-indium alloy is more suitable ; 
this is formed by overlaying the lead with 
a thin film of indium from a cyanide bath 
and then giving a diffusion heat-treatment 
at 150-175C, thereby producing a lead- 
indium alloy, the indium content of which 
is usually about 3% or, for special pur- 
poses, ~10%. Lead-tin alloys can be pro- 
duced in a similar manner, using a stannate 
bath, or by alloy (90:10 lead-tin is com- 
mon) deposition from a fluoborate bath. In 
the presence of mineral and fatty acids 
corrosion losses (for equal surface areas 
over equal periods of time) are in the ratio 


lead: lead + 4% indium: lead + 10% ind- 
ium: lead + 10% tin = 70:2 :0.7-1.4:0.2-0.3. 
—MA. 11501 
5.3.2, 8.8.5 


Improvement of Wear Resistance of 
Cold-Header Dies by Gas Chromizing. 
G. N. Duprntn ann B. V. GAL’CHENKO. 
Stanki i Instrument, 26, No. 8, 17 (1955). 

Study of advantages of gas chromizing 
of hammers and dies for the cold- heading 
of bolts, screws and rivets. Performance 
of dies (1 carbon, 0.20 manganese, 0.30 
silicon, max.) heat treated after chromiz- 
ing, compared with as-chromized dies. 
Service life of unchromized dies as against 
chromized plus heat treated ones. Processes 
occurring in die interior during service. 
Translation available: Henry Brutcher, 
P. O. Box 157, Altadena, California. 

11475 
5.3.2 

The Heat Resistance and Applica- 
tions of Hot Dip Aluminized Steel. M. L. 
HuGHEs AND D. F. G. Tuomas. Metallur- 
gia, 52, No. 313, 241-245 (1955) Nov. 

Results of scaling tests (620-800 C in 
air and air containing some sulfur di- 
oxide) on hot-dipped aluminized steel 
panels BISRA fluxless process) are sat- 
isfactory and compare favorably with 
aluminium-silicon coatings: some results 
of tests on sprayed coating, on alumi- 
nized Armco iron sheet and steel hot- 
dipped by the Aldip process are given 
for comparison. This paper is based on 
British Iron Steel Res. Assoc. Report 
RRE 527 made available to Brit. Non- 
Ferrous Metals Res. Assoc. members in 
October, 1955.—BNF. 11752 


§:32 

Hot-Dip Aluminum Coating for Cast 
Iron. SHIGETOMO UEDA. Foundry Trade J., 
99, No. 2039, 359-361 (1955). 

The effect of hot-dip aluminum coat- 
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ing on the resistance of steels and cast 
iron to attack by sulfur-bearing gases 
was studied. Variables chosen for inves- 
tigation were dipping time (1-60 min.), 
temperature (700-900 C), and specimen 
size. Cast iron is more difficult to coat 
than steel, but coatings 0.35-0.4 mm in 
thickness are obtained by immersion in 
molten aluminum for 5-15 min. at 800- 
900 C. Laboratory tests showed that the 
coated iron had an excellent resistance 
to attack by hydrogen sulfide at 550 and 
900 C and these results were confirmed 
by semi-industrial trials —MA, 11811 


5:32 

Protection Against Corrosion by Hot 
Dip Galvanizing. (In French.) P. Morts- 
set. Corrosion et Anti-Corrosion, 3, No. 5, 
238-252 (1955) Sept./Oct. 

Protective value of coatings and elec- 
trochemical mechanism of corrosion are 
discussed in general, with zinc on iron 
as example; influence of basis metal 
structure and composition of coating, 
shape of part, etc., on corrosion protec- 
tion; behavior of galvanized coatings in 
dry and damp air; effect of tropical 
climates, contact with various waters, 
air plus sulfur dioxide, foodstuffs, chem- 
icals, etc. Application of galvanized 
products; also table of some ASTM 
specifications for galvanized parts.—BNF. 

11835 


5.3.2 

Cementation of Copper with Beryl- 
lium, (In Italian.) G. VENTURELLO AND V. 
Coen. Metallurgia Italiana, 47, No. 10, 
453-460 (1955) October. 

Production of copper-beryllium coat- 
ings On copper specimens (to increase 
hardness, wear resistance and corrosion 
resistance without affecting electrical and 
thermal conductivity) by cementation in 
contact with copper-26.4% beryllium 
powder. The surface layer can be heat 
treated and hardnesses of over 400 
Brinell have been obtained. X-ray studies 
have been made to determine the nature 
of the phases present.—BNF. 11853 


5.3.4 

Electrodeposits of Metals of the Plati- 
num Group. (In French.) E. H. Latster. 
Rev. Met., 52, No. 9, 698-706 (1955) Sept. 

Practical details of deposition of plati- 
num, palladium and rhodium, with prop- 
erties and applications of the deposits; 
also report of discussion—BNF. 11840 


5.3.4 

Black Stains in Dry Galvanizing. (In 
German.) H. Basiik, F. G6tz~L Anp E. 
Nett. Metalloberflache, 10, No. 2, 34-35 
(1956) Feb. 

Black stains in dry galvanizing are 
ungalvanized areas arising from failure 
of the aqueous flux owing to too high 
an aluminum content in the flux and 
particularly so if there is a high alumi- 


num content in the zinc bath itself.— 
BNF. 11902 
5.3.4 


Bright Nickel Plating Solutions— 
Their Choice, Control and Operation. 
T. E. Sucu. Electroplating & Metal 
Finishing, 8, Nos. 9, 10, 308-315 347-350 
(1955) Sept., Oct. 

Describes the different types of fully 
and semi-bright plating solutions in use 
and discusses their relatively advantages 
and disadvantages, particularly in re- 
lation to brightness, levelling, ductility 
and residual stress. Control and puri- 
fication schemes are dealt with. Once 
the necessary experience has been ob- 
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Hot magnesium-carbonate slurry presents no corrosion 
problem when handled by the unit shown here. Made 
of chromium-nickel stainless steel throughout, this 24- 


CORROSION ABSTRACTS 


duct indexing hopper for a manufacturer of pipe insu- 
lation is an example of all stainless process equipment 
fabricated by Stainless Products, Inc., Jersey City, N. J. 


Chromium-nickel stainless frees hopper 


from trouble 


JNE HAZARD that operators face 
every day is corrosion. 

As in other processing units, cor- 
rosion of an indexing hopper en- 
dangers product purity, inflicts ex- 
pense for maintenance or repair and 
stops output during the downtime. 

But the hopper above, made en- 
tirely of chromium-nickel stainless, 
faces no such trouble. Because abil- 
ity to thwart attacks by a wide va- 
riety of corrosives is a basic char- 
acteristic of austenitic chromium- 
nickel stainless steels. 


Helps in other ways, too 

In addition, the high mechanical 
properties of stainless steels allow 
designers to cut bulk and deadweight 
without sacrificing strength or safety 
of process equipment. 

Fortified with Nickel, these steels 
withstand impact and battering, 


facing many process units 


abrasion and erosion. They resist 
creep and oxidation at elevated tem- 
peratures, and retain high strength, 
toughness and freedom from “notch” 
effects, to below —400°F. 

Easy to clean and keep clean, 
chromium-nickel stainless steels are 
sanitary metals that minimize main- 
tenance. 


Readily fabricated 

Fabricators draw, spin, forge and 
solder stainless. They punch, shear, 
bend and weld this versatile material. 
Leading steel companies produce 
austenitic chromium-nickel stainless 
steels in all commercial forms. So in- 
vestigate use of stainless steel equip- 
ment. 

Whenever your difficulty is due to 
metal failure, send us the details. 
We'll give you suggestions on how 
to dispose of it. Write for List “A” 


of available publications. It contains 
a simple form that makes it easy for 
you to outline your problem. Send for 
it now. 


Conveying abrasive phenolic powder 
ealls for high resistance to wear. That’s 
why stainless steel is used for this 
Archimedes conveyor, 50’ long and 14” 
in diameter. Screw and housing tube, 
welded together, rotate as a unit. De- 
sign allows easier, faster cleaning, no 
matter what the color of resin handled. 
Fabricated by Stainless Prodnets, Inc. 


ico. THE INTERNATIONAL NICKEL COMPANY, INC. 82.%2! 35% 


TRADE MARE 
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tained, the Hull cell gives a satisfactory 
means of controlling addition agent con- 
centration as well as revealing the pres- 
ence of metallic or organic impurities. 
As commonly employed, the bending test 
for ductility is not sufficiently sensitive 
nor does it give quantitative results. 
Records of variations in stress and ductil- 
ity occurring from day to day are es- 
sential for satisfactory control. Schemes 
are given and lay-out of plant suggested 
for carbon purification and for combined 
carbon and high pH _ purification of 
bright nickel plating solutions. Use of 
anti-stress agents is discussed. Special 
features of the plant required for bright 
nickel, characteristics of bright nickel 
plating such as sensitivity to cleanness 
of the basis metal, throwing power of 
the solution, use of wetting agents, treat- 
ment of passive deposits before chromium 


CORROSION—-NATIONAL ASSOCIATION OF 


CORROSION 


plating and production control tests of 


bright nickel deposits are included.— 
INCO. 10997 
5.3.4 


Present Position of Electrodeposited 
Tin-Nickel Alloy Coatings in France. 
(In French.) G. StempreL. Metaux, Cor- 
rosion-Industries, 30, No. 356, 173-176 
(1955) April. 

A brief survey of the application of 
tin-nickel coatings. Slightly modified 
bath composition (recommended by the 
Centre d’Information de |’Etain) is given 
and also some recommendations for in- 
dustrial application and control.—BNF. 


11002 


5.3.4 
Peculiarities of the Cathodic Process 
in Copper Pyrophosphate Baths. (In 





IS CASING CORROSION 
A PROBLEM IN YOUR WELLS? 


This case history tells how three companies stopped external casing 
corrosion on 70 of their oil and gas wells in Western Kansas, It was 
thought that Dakota water was the cause of most of the corrosion. 
The companies called on CSI to survey the wells and determine 
the current requirements for cathodic protection. These ranged from 
0.8 to 3.10 amperes. Then CSI was engaged to complete the job. 
Galvomags, Dow’s high-potential magnesium anodes, were installed 
to protect the casing. CSI furnished all engineering, labor, materials 
and installation equipment, including power augers and ditchers. 


The cost averaged $350 per well—for installations designed 
to give 10 years of protection. The work took 30 days. 


Call or write today for engineering or installation help with your 


corrosion problems 


well casing, pipe line, etc. CSI also offers a 


complete line of quality cathodic protection materials at competitive 
prices. Estimates or quotations without obligation. 


CORROSION SERVICES 


\CSt) 


P. O. Box 7343, Dept. A-4 


INCORPORATED 


Tulsa, Oklahoma 
Telephone: Circle 5-1351 
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Russian.) E, A. UKsHE AND A. I, Levin 
J. Applied Chem., USSR (Zhurnal Prik 
ladnoi Khimii), 28, No. 4, 388-393 (1955 
April. 

Baths contained cupric sulfate and sc 
dius pyrophosphate. Dependence of d« 
posit quality on bath composition an | 
current density has been determine. 
Also reasons for formation of surface 


film on deposits and for high over- 
voltage.—BNF. 11022 
5.3.4, 5.4.2 


Electrophoretic Deposition of Metalli: 
and Composite Coatings. J. J. Suyni, 
H. N. Barr, W. D. FLETCHER AND H. ( 
SCHEIBLE, Paper before Am. Electr« 
platers’ Soc., 42nd Ann. Conv., Clevelan 
1955. Proc. Am. Electroplaters’ Soc., 1955, 
115-118; Plating, 42, No. 10, 1255-125 
(1955) October. 

Theory of electrophoretic deposition i 
reviewed. Electrophoretic deposition o 
nickel, nickel-chromium and _ nickel 
chromium-iron castings to base metals 
has been developed. Composite coatings 
of metals and nonmetals, such as molyb- 
denum-disulfide and _ nickel-silicon car- 
bide composites have also been deposited 
Techniques for bonding were developed 
either by deposition of a hydrogen- 
reducible oxide or by electrolytic depo- 
sition of a metal through pores in coat- 
ing. Time vs. current and thickness vs. 
time curves are given. Photomicro- 


graphs.—INCO. 11067 


5.3.4, 5.9.4 


The Temperatures Attained at the 
Surfaces of Growing Deposits and the 
Origin of Stress in Deposits. H. W1- 
MAN. Proc. Phys. Soc. (London), Sec. B, 
68, No. 7, 474-476 (1955) July 1. 

Evidence presented to prove the very 
high temperatures reached on the im- 
mediate surface region of deposits; con- 
densation from the vapor in a vacuum, 
electrodeposition and adonic oxidation 
are discussed for copper, silver, gold, 
nickel, iron and palladium; temperatures 
of 200-230C for copper, 200C for silver 
and gold, 530-600C for nickel and 350- 
450C for iron in condensed deposits; 
300C for anodized beryllium, 650C for 
anodized aluminum are claimed. These 
conclusions are supported by the au- 
thor’s explanation of his observations on 
the stress developed in these deposits. 


—BNF. 11047 


5.3.4, 6.3.19 


Production of High-Grade Electro- 
plated Coatings on Zinc Alloy Parts. 
(In Russian.) G. S. VozpvIZHENSKII AND 
oTHERS, J. Applied Chem., USSR (Zhur- 
nal Prikladnoi Khimii), 28, No. 5, 484- 
489 (1955) May; Summary translation: 
Ind. Finishing, 9, No. 86, 36 (1955) Aug- 
ust. 


Effect of impurities and inclusions in 
zine alloy castings on the blistering of 
electrodeposits; optimum bath compo- 
sition for copper plating (cyanide bath). 
—BNF., 11034 


§.3:2,'5:3:3 


Electroplated Coatings, J. B. Mouter. 
Kaiser Aluminum & Chem. Corp. Materials 
& Methods, 44, No. 1, 117-132 (1956) 
July. 

Factors in selecting electroplated coat- 
ings are discussed as to plate properties, 
design of part, base metal and specifica- 
tions. Tables of specifications on thick- 
ness of electrodeposited coatings are 
given. Discussion of characteristics of 
common electroplates includes nickel, 
chromium and copper. Applications of 
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Treat Metals Fast and Economically 


with ACP Chemicals and Krocesses- 


ACP GRANODINE®—a phosphate coating 
process for steel which provides an ex- 
cellent bond for paint and greatly im- 
proves the corrosion resistance of the 
paint system. 


ACP ALODINE®— an amorphous coating 
process for aluminum which protects 
both painted and unpainted metal and 
anchors the paint finish. 


ACP LITHOFORM®—a phosphate or chro- 
mate coating process which prevents ob- 
jectionable chemical reaction between 
metal and paint, keeps paint on zinc 
and cadmium surfaces. 


Write for the "ACP GUIDE to the chemical treatment of metals.” 


CHEMICALS 


PROCESSES 


DETROIT, MICH. ° 













ACP produces the chemicals for treating 
most metals—to clean them, to prepare 
them for further processing, to improve 
corrosion resistance and paint adhesion. 
It has the experience and the personnel 
to apply these chemicals economically 
and effectively, too. Here are just a few 
of the many products and processes 
ACP offers: 





ACP DEOXIDINE®—a phosphoric acid 
metal cleaner which removes rust and 
organic soils, destroys rusters, prepares 
steel, aluminum, brass, copper and other 
metals for painting. 


ACP METAL CLEANERS — Ridoline,® alka- 
line metal cleaner and Ridosol,® solvent- 
detergent metal cleaner—remove metal 
preservatives and metal working lubri- 
cants from metals in process. 


ACP RODINE® — pickling acid inhibitors 
which reduce acid consumption, save 
steel. They also minimize pitting, burn- 
ing and embrittlement and reduce the 
formation of acid fumes. 





AMERICAN CHEMICAL PAINT COMPANY, Ambler 40, Pa. 


ST. JOSEPH, MO. ° 


NILES, CALIF. > WINDSOR, ONT. 


New Chemical Horizons for Industry and Agriculture 
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electroplates as to appearance, corrosion 
protection, low cost, wear resistance and 
salvage are given. Tables give principal 
applications for common electroplates. 


Photos.—INCO. 12521 


5.3.4 

Basis Metals and Electrodeposited 
Coating. (In German.) J. FiscHer. Metall, 
10, No. 11/12, 499-504 (1956) June. 

A survey, based on a long bibliog- 
raphy, on the importance of the nature 
and surface condition of the basis metal, 
and of pre-treatments (cleaning, degreas- 
ing, etc.) prior to application of electro- 
deposited coatings; concluding with 
notes on suitable pretreatments for 
powder metal products, aluminum and 
alloys, magnesium and alloys, stainless 


DURASBILITY— 
CHARACTERISTIC OF 
INTERNATIONAL 
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steel, molybdenum, zirconium and titan- 


ium.—BNF. 12450 


5.3.4 

Modern Electroplating Processes. (In 
German.) E. Rotu. Metall, 10, No. 11/12, 
505-513 (1956) June. 

Notes on plating of nickel, copper, 
chromium, zinc and cadmium, tin and 
lead, noble metals, alloys; plating on 
zinc-base die castings and aluminum; 
automatic plating; small parts. Includes 
tables showing respectively resistance to 
20% salt spray of various thicknesses of 
electrodeposits and hardness of electro- 
deposits.—BNF. 12580 


5:34, 1.4, 23.7 
Metallizing Bibliography, AWS Pub. 
No. C2, 5, 1956, 35 pp. Available from: 


INTERNATIONAL 
PAINTS 


Gulf Stocks at: 


SAN ANTONIO MACHINE & 
SUPPLY CO. 
Harlingen, Texas 
Phone: GArfield 3-5330 
SAN ANTONIO MACHINE & 
SUPPLY CO. 
Corpus Christi, Texas Phone: 2-6591 
TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 


Houston, Texas 
Phone: WAlnut 6-1771 
TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 
Galveston, Texas ----- Phone: 5-8311 


MARINE & PETROLEUM SUPPLY CO. 
Orange, Texas 
Phone: 8-4323—8-4324 


RIO FUEL & SUPPLY CO., INC. 
Morgan City, Louisiana 
Phone: 5033—3811 


ROSS-WADICK SUPPLY COMPANY 


Harvey, Louisiana 
Phone: Filimore 1-3433 


MOBILE SHIP CHANDLERY CO. 
Mobile, Alabama 
Phone: HEmlock 2-8583 


BERT LOWE SUPPLY CO. 
Tampa, Florida ----- Phone: 2-4278 




































Send for a complimentary 
copy of our recently re- 
vised booklet “The Paint- 
ing of Ships.” It is an 
outline of the latest ap- 
proved practices in all 
marine maintenance. 






















International Paint Company, Inc. 


Offices: 


New York 6, N. Y., 21 West St., Phone: WHitehall 3-1188 
New Orleans 15, La., 628 Pleasant St., Phone: TWinbrook 1-4435 
So. San Francisco, Cal., So. Linden Ave., Phone: Plaza 6-1440 
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American Welding Society, 33 W. 39 St., 
New York 18, New York. 

Annotated abstracts of 181 articles on 
metallizing which have been published 
since 1913. Items are grouped together 
under headings: Equipment, processes, 
applications, testing, theory, costs and 
miscellaneous. List of periodicals with 
addresses is included. 12416 


5.3.4, 5.9.2 

Elementary Topics for Research in 
Metal Finishing. I. Electroplating Pre- 
treatments. II. The Electroplating Proc- 
ess. III, Electrodeposited Coatings. ©. 
James. Product Finishing, 9, Nos. 4, 5, 6, 
54-62, 76-89, 65-72 (1956) April, May, 
June. (In Progress.) 

I. A practical discussion of solven 
aqueous alkali and emulsion cleaning; 
acid dips and pickles; transfer froin 
cleaning, including alkali and acidic dip 
Author discusses good and bad practice, 
pointing out details where further ir 
vestigation is required, though he agre« 
that in some instances all that may b 
necessary is a search of published in 
formation. 

II. Comments on purity of chemicals 
with tables of analysis for cadmiun 
oxide and Zn(Cd)2; anode problems (in 
cluding analytical values for cadmium, 
nickel and tin anodes); work suspension; 
wash waters (data on mains water from 
different sources). 

III. Deposit distribution, with various 
examples; alloy plating; measurement of 
deposit thickness (no reference to new 
BNF thermoelectric thickness gauge) ; 
treatments after plating (with a table 
showing effects of after-treatments on 
corrosion resistance of zinc-plated steel 
screws).—BNF. 12481 


5.3.4, 7.2 

Aluminizing Curbs High-Temperature 
Erosion. W. G. Patron. Iron Age, 177, 
No. 2, 74-77 (1956). 

Automobile engine valves are alumi- 
nized to improve corrosion-resistance. 
Inlet and exhaust valves in the finished 
state are treated separately, They are 
induction-heated to 450 F (230 C), ro- 
tated at 500 rpm and sprayed with alumi- 
num from a modified oxyacetylene torch. 
The valves are reheated to 1450 F (790 
C) to complete the formation of the 
iron-aluminum alloy layer which is 


< 0.001 in. thick—MA. 12534 








5.4 Non-Metallic Coatings 
and Paints 


5.4.2, 7.2, 5.4.3 

Design of Steel Pipe With Cement 
Coating and Lining. E. SHAw Cote. J. 
Am. Vater Works Assoc., 48, 131-138 
(1956) Feb. 

The pipe discussed in this paper is 
steel pipe with diameters of 30 inches 
or larger, which is protected by a cement 
coating and cement lining. Tables, pho- 
tographs, graph. 8 references.—BTR. 
11578 


5.4.2 

Plating with Carbide, R. H. EsHer- 
MAN. Tool Engr., 36, No. 1, 117-122 
(1956) January. 

Describes the flame-plating process, 
developed by Linde Air Products Co., 
which deposits a coating by blasting 
tungsten carbide particles through a 
gun, using explosive gases as a carrier. 
Coatings consist essentially of complex 
series of phases, derived from tungsten- 
carbon-cobalt system. Density is identi- 
cal to that of solid cast material, poros- 
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— This unusual oven is the first of its kind in the corrosion 
700 and paraffin control industry. Now in operation at the new 


* (790 
of the Tubular Lining Corporation plant at Houston, this oven 


oe | automatically bakes a hard, tough lining of protective plastic 
cialis inside oil field tubing. Although it uses the same maroon- 
colored plastic that oi] men have seen everywhere, this oven 

is the only one that eliminates the human errors causing 

an = = over-baked “banana peel” linings that split away from the 
-ment = = == steel or under-baked linings with dangerous pockets of raw 
“at volatiles. Your tubing gets perfectly baked and perfectly 
== bonded linings on this continuous, automatic, electronically 
controlled TLC oven. The tubing never leaves the conveyor 
until it’s done to a turn. Superior TLC linings cost no more 


er is 


nches TRADE MARK 


‘ment 
o than hit-or-miss batch-processed linings. Specify TLC — 
11578 newest and best, now available. 
the proof of quality TUBULAR LINING CORPORATION 
fo LARRY E. HEINEN, PRESIDENT 
ne JAckson 3-7013 © P.O. Box 20015 © Houston 25, Texas 
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ity is less than 1%, and adherence is 
excellent. Plating can be applied to 
steels, cast iron, copper, brass, bronze, 
molybdenum, titanium, nickel and mag- 
nesium. Chromium plate cannot be 
coated. Equipment limitations, physical 
and mechanical properties and applica- 
tions are discussed. Coating is suitable 
for high temperature fretting corrosion 
resistance. Diagrams, photomicrographs. 


—INCO. 11579 


5.4.5 

Calcium Plumbate. A Post-War De- 
velopment in Anti-Corrosive Paint Pig- 
ments. N. J. Reap. Corrosion Technology, 
3, 119-123 (1956) April. 

Like red lead it provides protection by 
a combination of basic and oxidizing 
characteristics, as well as film-forming 
properties by interaction with linseed oil. 





other 

pipe line services 
by 
MIDWESTERN 


KAPCO 

. Rock Shield—protects 
pipe and coating against 
rock, without dirt-padding. 


GLASFAB 


. for handwrapping hot 
lines and holidays—relia- 
ble, high tensile strength. 


KEYSTONE 

. Asbestos Felt Continu 
ous membrane with paral- 
lel reinforcement. . . gives 
greater strength, longer 
life, faster application. 


GLASKOTE 
. Handy Tape for pipe- 
line joint wrappirig. . . for 


above or below ground... 
no hot dope needed. 


KERMAC 


. Pipeline Outerwrap— 
for fewer breaks and holi- 
days — faster wrapping— 
maximum strength and re- 
sistance. 


branch offices— 

© Houston, Tex. 

e Atlanta, Ga. 

© Mt. Prospect, III. 
Pittsburgh, Pa. 

© Oklahoma City, Okla. 

© Portland, Ore. 

e New York, N.Y. (export) 
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a thermo-setting resin, 


longitudinal reinforcing. 











references.—BTR. 
12542 


Photographs, 


5.4.5 

Industrial Applications for Vinyl 
Resin Finishes. FrAanK A. Ripeout. Org. 
Finishing, 17, 15-20 (1956) May. 

Vinyl copolymer properties; solvents 
for vinyl coatings; hot spray application 
of vinyl maintenance paint; plasticizers, 
pigmentation and primers; dispersion 
coatings. Table, photographs.—MR. 

12566 


tables, 2 


5.4.5 

Guarantees of Durability and Effici- 
ency of Protection of Multicoat Anti- 
Corrosive Coatings of Paints. H. RABarte. 
Peintures, Pigments, V ernis, 32, No. 1, 25- 
29 (1956). 

Factors involved in 
are discussed.—RPI. 
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COROMAT 


OWENS- CORN 


esto RGLAS ‘ 





Underground 
pipe wrap 


*very 
important 
protection 


Stronger, longer reinforcement 
of pipe line enamel is the im- 
portant job of Owens-Corning 
COROMAT—the only true 


Fiberglas underground pipe wrap 


. Fibers of glass, bonded with 


form a 


flexible mat, with closely spaced 


Fast 


and easy to apply, Coromat 
offers the most protection during 
application and throughout its 


service. 


MIDWESTERN 


PIPE LINE PRODUCTS CO. 


4645 Sapulpa Rd. Tulsa, Okla. 
Cable Address: Mid Pipe 


Hickory 6-6144 
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5.4.5 

Red Lead in the Protection of Iron 
and Steel. Pr. I. H. MASsEILLe. Corrosion 
Prevention and Control, 3, 35-37 (1956) 
June. 

Causes of metal oxidation; protectic 
of metal surfaces; characteristics an | 
properties of paints, (To be continued ) 
—BTR. 1255) 


5.4.5 

Plastic Coating of Metals. (In Ge:- 
man.) G. SHuULTz. Schweiz. Archiv Angez. 
Wiss. Tech., 22, No. 6, 178-182 (195¢ 
June. 

Application of plastics as powde: 
paste, foil or plate —MR. 1258) 


5.4.5 

Thin Films of Polytetrafluoroethylene 
Resin (Teflon) as Lubricants and Pre- 
servative Coatings for Metals. V. ( 
Fritz-SIMMONS AND W. A. ZISMAN 
Naval Research Lab., June, 1956, 32 py 
Available from: Office of Technical Sery 
ices, U. S. Dept. of Commerce, Washing 
ton, D, C. (Order PB 121161). 

The report summarizes experimenta 
work and field tests on a number of ap- 
plications of Teflon to guns and ammu 
nition, submarines, aircraft and other 
equipment. An appendix contains a num- 
ber of essential techniques developed by 
NRL which insure minimum friction, 
maximum durability, good adhesion and 
good corrosion-prevention properties. 

Teflon is not a panacea for solving all 
lubricating problems without the use of 
oils and greases, the report points out. 
However, when properly used the coat- 
ing is ideal in numerous applications of 
value to both the military and industry. 

12431 


5.4.5 

Use of Baked Coatings in the Oil, 
Chemical and Processing Industries. G. 
J. DuESTERBERG. Corrosion, 12, No. 11, 
576t-578t (1956) November. 

Baked coatings have three primary 
uses in the oil, chemical and processing 
industries: 1) To combat corrosion 2) To 
protect finished products from iron con- 
tamination 3) To eliminate growth of 
solids such as synthetic polymers, scale, 
salt and paraffin. Case histories are given 
to show how baked coatings have been 
used in industry to accomplish these 


tasks. 


5.4.5, 2.3.7 

Properties, Specifications, Tests and 
Recommendations for Coal Tar Coat- 
ings Part I. Hot Applied Coatings. W. F. 
FAIR, Jr. Corrosion, 12, No. ry. 579t-587t 
(1956) Nov. 

Fundamental properties, long-term 
service characteristics and specification 
writing and testing for various kinds of 
hot applied coal tar enamels are de- 
scribed. Emphasis is directed to the im- 
portance of long-term testing of coating 
types previously found to perform satis- 
factorily in service in various environ- 
ments over long periods of time. A brief 
history of the use of hot applied coal tar 
coatings also is given, 

Technique of application and a list of 
commonly used types of pipe coating are 
given. Data are tabulated for eight plas- 
ticized and seven unplasticized enamels 
with respect to softening point, penetra- 
tion, percent ash, specific gravity, high 
temperature sag and low temperature 
crack. Water absorption rates are plot- 
ted for several pipe line enamels. On 
other graphs the re lationship between 
rate of shear and shearing stress is shown 
for a number of roofing pitches. Flec- 
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Hand application of NO-OX-ID Cold Coating. NO-OX-ID "C-M” Casing Filler protects casing and carrier 
pipe under highways and railroads. 








NO-OX-ID coating-wrapper combinations are the 
versatile answer to every kind of pipeline protection 







Whether you are installing distribution or transmis- neer. He will help you select the right combination 

sion lines—whether you are working over rough or for your next pipeline job. 

smooth terrain, there is a NO-OX-ID Coating and 

Wrapper Combination to give the right protection. 
On mill-wrapped pipe, NO-OX-ID Coating, Wrap- 

per and Service Coat protect from mill to ditch. 







New NO-OX-ID catalog 






Just off the press. This 12-page illus- 
trated catalog tells how NO-OX-ID 
combinations fit job requirements. 









NO-OX-IDcan be applied over the ditch by Traveliner : ld 
using less material and equipment. Hand-applied on Your copy is ready...USE THE *O-owry 
short line installations, service lines or special fit- COUPON. ~ 






tings, NO-OX-ID goes on fast. No noxious fumes. "Pen naneeeempememmmminal cic ccteimiadaaaibi ceasi'as 
| Dearborn Chemical Company 

Merchandise Mart Plaza, Dept. C 

Chicago 54, Ill. 


4 
| 
| 
| 

0 Send my copy of the new NO-OX-ID catalog. | 
| 
| 
| 
| 
| 
| 
| 











Leading pipeline contractors and utilities rely on 
versatile NO-OX-ID Coating and Wrapper Combi- 
nations. Consult with your Dearborn Pipeline Engi- 



















O Have a Dearborn Pipeline Engineer bring my copy. 
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| 
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trical resistivity, soil stress resistance, 
and oil spillage resistivity are discussed 
in connection with coal tar enamels. 


12447 
5.5 Oil and Grease Coatings 





D5 

Lanolin—As a Temporary Protective. 
H. Strman. Corrosion Technology, 3, 138- 
140, 153 (1956) May. 

Lanolin is compared with various oils 
and greases as a rust preventive coating. 
Photographs, table, 4 references—MR. 

12592 





5.8 Inhibitors and Passivators 





5.8.2, 8.4.3 
Use of Internal Corrosion Inhibitors 
in the Paris-Le Havre Pipeline, J. Viv- 


CENT-GENOop. Paper, Assoc. Francaise 
Tech. Petr. Meet. May 5, 1955. Bull. 
Assoc. Francaise Techniciens Petrole, No. 


112, 405-418 (1955) July 31 

Injection of 0.25-1.3 ppm sodium ni- 
trite in aqueous alkali at several points 
along the Paris-Le Havre pipeline, be- 
gun in August, 1953, almost eliminated 
sediment formation and improved the 
roughness factor of the internal pipe 
surface by the end of 1954. The inhibitor 
solution is removed by “hay tank” fil- 
ters in the line and thus must be reinjected 
at each relay station. Injection of an 
steulaolie solution of an aliphatic amine 
acetate in addition to the sodium nitrite 


resulted in a slightly better smoothness 
of the pipe. 11809 
5.8.1, 4.3.2 


Inhibition of the Corrosion of Iron by 





DUAL 
ELECTROLYSIS 
VOLTMETER 
Model G 


Double Meter for simultaneous readings. Zero Center 
. no lead changing for fluctuating polarity. 


VOLTMETER, 50,000 ohms per volt, .3 to 300 volts 
in seven ranges. 


MILLIVOLTMETER, a low 2.5 Millivolt range . . . 
2.5 to 500 mv in 6 ranges. 
Oak Case, 9”x10"x4'2"” — Wt. 6 pounds. 


STEWART BROTHERS 


Division of Instrument Laboratories 


Chicago 10, Illinois 
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Acids by Insoluble Organic Inhibitors. 
(In French.) R. JENNy. Corrosion et Anti- 
Corrosion, 3, Nos. 5, 6, 189-209, 253-274 
(1955) Sept./Oct., Nov./Dec.; ibid., 4, 
No. 1, 4-21 (1956) Jan. 

Study of insoluble organic inhibitors 
(various phenyl and alkyl mercaptans, 
aromatic aldehydes and furaldehyde were 
tested); effect of structure of inhibitor 
on degree and mechanism of inhibition; 
factors which prevent inhibitors from 
acting as such; detailed discussion on 
mechanism of inhibition. 78 references. 


—BNF. 11746 


5.8.2 

Inhibitors of Corrosion. (In German.) 
H. Fisuer. Z. Metallkunde, 46, No. 5, 
350-357 (1955) May. 

A survey based on 27 references. Def- 
inition of inhibition; types of inhibition 
and inhibitors; mechanism; and degree 
of protection. Graphs, tables, diagrams, 
21 references.—BNF. 11766 


5.8.2, 4.6.1 

Progress in Chemical Water Treat- 
ment for Increased Protection Against 
Corrosion. (In German.) L. W. HAAsE. 
Werkstoffe u. Korrosion, 6, No. 3, 130-132 
(1955) March. 

Progress in inhibitors. Effects of small 
amounts of phosphate, silicate and fluo- 
ride additives considered. 11802 


5.8.3, 5.5.3 

Investigation of Action Mechanism of 
the Anticorrosion Admixtures to Oils 
by the Radioactive Indicator Method. 
(In Russian.) Yu. S. ZAstavskt, S. E. 
KLEIN AND R, N. SHNeEEROVA. J. Phys. 
Chem., USSR (Zhur. Fiz. Khim.), 29, 
1815-1821 (1955) October. 

Radiosulfur (S*) and radiophosphorus 
(P*) were used in anticorrosive admix- 
tures to the mineral oil. The results of 
the study proved that a protective film 
forms over a metal with the help of the 
sulfur or phosphorus as the basic com- 
ponents of the admixture. The forma- 
tion of the protective film in relation to 
time, temperature of oil, concentration 
of the admixture and the metal surfaces 
was established. Also, the complicated 
process of film formation, adsorption 
and chemical interaction is given. It was 
suggested that adsorption processes take 
place at lower temperatures. While 
chemical interactions prevail at high 
temperatures during which the sulfur 
penetrates the metal and the transfer of 
the metal into the oil occurs as a result 
of this chemical interaction.—NSA. 

11883 





5.9 Surface Treatment 


5.9.2 

On the Descaling and Chemical Pol- 
ishing with Hydrogen Peroxide Solu- 
tion. Part II. K. KAwAMuRA. Sumitomo 
Vetals, 7, No. 4, 18-31 (1955) Oct. 

Study was made to clarify the mutual 
relation between the density and de- 
scaling or chemical polishing by chang 
ing the proportion of hydrogen peroxide, 
acid and water in every possible way of 
mixing against each kind of metal, mak- 
ing diagrams to find the proper ratio for 
a solution. Metals included Type 301, 
Timken 16-25-6, N-155, Nimonic 80A, 
19-9 DL, S-816 and 18-8 The relation 
between the variety in the density of 
solution and the time necessary for its 
treatment, between density and the dis- 
solving quantity of a metal and between 
the processing time for treatment and 
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variety in the dissolving quantity of ; 
metal were studied —INCO. 11755 


5.9.2 

Degreasing Systems and Their Choice 
Part I. D. J. FisHiocx. Product Finishing 
8, No. 8, 48-56 (1955) Aug. 

The first of these two articles deals 
with solvent, vapor, ultrasonic and emul 
sion degreasing. Tables indicate whicl 
methods are suitable for particular met 
als and alloys (including zinc die cast 
ings) and which are best to remove certai1 
dirts. Equipment for carrying out the 
various processes is illustrated—ZDA 

1173¢ 


5.9.2 

Metal Cleaning Studies Using Radio- 
active Tagged Soils. J. W. HENSLEY ANI 
R. D. Rie. Plating, 42, No. 9, 1137-1143 
(1955) Sept. 

Data presented on effects of cleaning 
time, concentration and current direc- 
tion, surfactant, current density and ini- 
tial stearic acid soil level. Procedures 
used in tests and comparison of tagged 
soils given.—BL. 11838 


5.9.2 

Pickling Processes Reviewed. Pt. V. 
Treating Copper and Its Alloys. Pt. VI. 
Pickling Zinc, Cadmium, Magnesium 
and Aluminium, D. J. FisHtocx. Product 
Finishing, 9, Nos. 3, 4, 70-78; 63-70, 112 
(1956) March, April. 

Part V deals with various pickling 
baths for copper and alloys; bright dip- 
ping baths; chemical polishing; spotting 
out in nitric acid; pickling copper-beryl- 
lium and aluminum bronze; etching for 
plating. 

Part VI. For zine (slightly for cad- 
mium) and magnesium a variety of 
pickling treatments and pre-treatments 
are given for improving finish and cor- 
rosion-resistance. For aluminum, refer- 
ence is also made to electropolishing 
(Brytal and Alzak) and chemical polish- 
ing.—_BNF. 12435 


5.9.2, 3:2:2, 5.8.2 

The Effect of Pickling Additions on 
Hydrogen Embrittlement. (In German.) 
A, AND R. Ketier. Draht. 7, No. 2, 35-38 
(1956) Feb. 

\. detailed discussion of the causes and 
the factors affecting acid brittleness oc- 
cupies the first half of the paper. The 
second half deals with a practical investi- 
gation of the effects of 18 different types 
of inhibitor. Tables show the results ob- 
tained with wire samples in 7.5% and 
15% sulfuric acid solutions and it is con- 
cluded that it is possible to prevent em- 
brittlement to a very large extent by the 
selection of suitable inhibitors, even 
though the material may be susceptible 


to this kind of attack.—ZDA. 12483 


6. MATERIALS OF 
CONSTRUCTION 


6.1 General 


6.1, 3.5.9 

Today's Trends in Engineering Ma- 
terials, a Design, 28, No. 11, 85-129 
(1956) May : 


Papers al 








Light Alloys, P. D. 
Frost (p. 86-89); Electrical Insulation 
Materials, L. Greer (90-94); Materials 
for High Temperatures, C. L. Clark (p. 
95-98); High-Strength Adhesives for 
Metal Bonding, R. F. Blomquist (p. 99- 
103); Corrosion-Resistant Structural 
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ROYSTON LABORATORIES, Inc., Box 112-C, Blawnox, PITTSBURGH 38, PA. 
- District Sales Offices: 
— P.O. Box 1084 P.O. Box 1753 PO. Box 8188 P.O. Box 21 3114 Midvale Avenue 
Atlanta, Georgia Tulsa, Oklahoma Houston 4, Texas Park Forest (Chicago), Ill. Philadelphia 29, Pa. 
50 Overton Sales Equipment Co. Warehoused in North East, 
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Distributors Of: Polyken Tape ® Dow Magnesium Anodes ® Pipeline Felt ® Glass Pipe Wrap ® Pipeline Padding 
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COKE 
BREEZE 


Backfill for 
Anodes 


Ideally suited for use with anodes. Has a 
high carbon content and comes in sizes of 
Yg-inch x 0 to % x %-inch. In bulk or 
sacks. Prices on other sizes on request. 


National Carbon 
Anodes 
Magnesium Anodes 
Good-All 
Rectifiers 


Wholesale 
Coke Company 


PHONE BIRMINGHAM, ALA., 
GARDENDALE EXT, 3-2424 


P. O. Box 94 
MT. OLIVE, ALABAMA 
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Materials, H. T. Francis (p. 104-107); 
Sleeve Bearing Materials, J. B. Mohler 
(p. 108-110); Metals for Low Tempera- 
tures, A. L. Tarr (p. 111-116); Packing 
and Gasket Materials, R. H. Koch (p. 
117-120); Spring Alloys, M. G. Fange- 
mann (p. 121-125); Materials for Wear 
Resistance, V. Pulsifer (p. 126-129).— 
INCO. 12531 





6.2 Ferrous Metals and Alloys 





6.2.1 

Stainless Steels Including Other Fer- 
rous Alloys. W. A. Luce. Duriron Co., 
Inc. Ind. & Eng. Chem., 47, No. 9, Pt. 2, 
2023-2035 (1955) September. 

General review of recent literature 
covering corrosion, mechanical proper- 
ties and structure, high temperature 
properties, welding and fabrication as 
well as general information on stainless 
steels and ferrous alloys. Mention is 
made of high-silicon irons, iron-nickel 
alloys and manganese steel, 198 refer- 
ences.—INCO, 10851 


6.2.2 
Notch Ductility of Malleable Irons. 
G. A. Sanpoz, N. C. Howe tts, H. F. 


BisHop AND W. S. Petiini. Naval Re- 
search Laboratory, May, 1956, 22 pp. 


Available from: Office of Technical Serv- 
ices, U. S. Dept. of Commerce, Washing- 
ton, D. C. (Order PB 121033). 
Drop-weight tests on malleable irons 
were conducted to establish nil ductility 
transition (NDT), or the temperature at 
which there is a complete loss of duc- 
tility in the presence of a sharp, crack- 
like notch. The notch was developed by 
use of a brittle weld, or crack-starter, 
ordinarily used for hard surfacing. Ex- 





How fo stop piping corrosion 


This mark identifies the leading brand of PVC fittings, flanges 
and valves. Made by Tube Turns Plastics—injection molded 
by the exclusive Hendry process — unsurpassed for strength 


and uniformity. 


The ttp line is complete and is available nearby. For com- 
plete information, write for Bulletins 119 and 122. Tube 
Turns Plastics, Inc., Department pc.4 2929 Magazine Street, 


Louisville 11, Kentucky. 


A ; TUBE TURNS PLASTICS, INC. 


Louisville 11, Kentucky 
Call your TUBE TURNS PLASTICS’ Distributor 
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plosion tests of plates with crack-starter 
welds also were conducted to establisi: 
the relative resistance to starting and 
propagation of brittle fractures at tem- 
peratures above the NDT temperature. 
Charpy V curves were established fo- 
various irons and related to behavior of 
irons in both tests. 12563 


6.2.2 


The Corrosion of Cast Iron. R. I. Hic 
GINS. J. Research and Development, Brit 
Cast Iron Res. Assoc., 6, No. 4, 165-17” 
(1956) Feb. 

Factual discussion of the behavior anc 
suitability of different types of cast iro1 
in various conditions and media of cor 
rosion. Types considered are unalloyec 
cast iron, low alloy cast irons (3-5 
nickel, 0.5-1.0 copper, up to 1 chromiun 
or up to 0.5 molybdenum), and higl 
alloy cast irons such as Ni-Resist and 
Nicrosilal, high silicon cast iron and 
high chromium cast iron. Data are given 
on influence of type of metal (chemical 
composition and microstructure) and of 
environment of mineral and organic 
acids and alkalies. Corrosive action of 
various salt solutions, natural and indus- 
trial waters, atmosphere and soil are 
considered. Graphs show corrosion rate 
of cast irons in sulfuric acid, hydro- 
chloric acid and sodium hydroxide.— 


INCO. 12441 


6.2.2, 3.7.2, 3.8.2 


Fundamental Studies on Corrosion of 
Alloys. Rept. V. Corrosion Rate of 
a-Solid Solution in Iron-Silicon System. 
N. OutAnt. J. Japan Inst. Metals, 20, No. 
1, 46-48 (1956) Jan. 

Using the normal electrode potentials, 
calculated thermodynamically from the 
activity of each component in molten 
state within the range of @-solid solution 
of iron-silicon alloys and the heat of 
activation in hydrogen electrode re- 
action, obtained from the absorption 
amount of hydrogen, the author dis- 
cusses the fact that the variation of the 
corrosion rate of the alloys with silicon 
content was fairly consistent with ex- 


perimental results.—J SPS. 12523 


6.2.3, 6.2.4 


Steels and Their Treatment for Engi- 
neering. J. G. Rircute. Paper before 
Mech. Engrs.’ Assoc. (Australia), Victoria 
Div., September 15, 1955. Australasian 
Engr., 1956, 57-62, 72a, 72c, April 7. 

Object of paper is to explain develop- 
ment of various engineering steel types, 
to describe functions of alloying ele- 
ments, main types of heat treatment 
applied, metallurgical test techniques and 
aspects of failures and to remark on 
steel specifications for small engineering 
shop. Steels discussed include plain car- 
bon, mild, medium carbon, machinery, 
tool and nickel case hardening steels. 
Hardening, tempering, normalizing and 
annealing are briefly reviewed and steps 
in case hardening process (carburizing, 
core refining, hardening and tempering) 
are considered in greater detail. Some 
remarks are made on weldability, frac- 
ture and fatigue failure. Tables, graphs, 
photomicrographs.—I NCO. 12575 





6.2.4 


Effects of a Number of Heat Treating 
and Testing Variables on the Notch 
Strength of 4340 Steel. G. Sacus, V. 
Weiss AND E, P. Kurer. Paper before 
ASTM, 59th Ann. Mtg., Atlantic City, 
June 17-22, 1956. Am. Soc. Testing Ma- 
terials Preprint, No. 71, 1956, 11 pp. 
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levels of 4340 steel to stress concentra- 
tions of different magnitude and at test- 
ing temperatures from room tempera- 
ture to —320 F; range of existence of 
the 500 F embrittlement under static 
loading conditions; and effects of 2-step 
treatments promoting lower bainite 
structures on notch-strength character- 
istics and 500 F embrittlement of 4340 
steel were determined. Tests on sharply 
notched bars disclose tendency of 4340 
steel to be highly notch sensitive on 
static loading, if tempered between 500 
and 700 F. 2-step quenching procedure 
leads to high strength steel conditions 
superior to those obtained on ordinary 
oil quenching and tempering. Tables, 
graphs.—_INCO. 12583 


6.2.4 

Oxidation Resistant Silicon Aluminum 
Steels. E. A. Branpes. Special Report 
No. 2, August, 1956, 40 pp. Fulmer Re- 
search Institute, Ltd., Stoke Poges, Bucks, 
England. 

Tests on steels containing up to 4% 
of silicon and up to 3% aluminum have 
shown that steels containing 2-3% sili- 
con with 0.5 to 1% aluminum are com- 
parable in resistance to oxidation at 


temperatures up to 900 C with 18% 
chromium, 8% nickel austenitic steel. 
The results of mechanical tests show 


that such steels have adequate ductility 
at room temperature to permit many 
metal-forming operations and that the 
ductility is not reduced by oxidation at 
temperatures up to 900 C. Carbon and 
manganese in quantities normally en- 
countered in mild steel are without sig- 
nificant effect on the resistance to oxida- 
tion and the addition of manganese is 
recommended in order to minimize the 
adverse effect of segregated sulphur on 
the oxidation behavior. Scaling resist- 
ance in flue gas and steam is superior 
to mild steel and is further improved by 
aluminum coatings. (auth) 12377 


6.2.4, 3.7.3, 1.6 

A Survey of the Effect of Austenitiz- 
ing Temperature and Rate of Continuous 
Cooling on the Structure and 700 F to 
1200 F Properties of Three Low-Alloyed 
Steels. K. P. MacKay, A. P. Corpren, 
\. I. RusH anp J. W. FREEMAN. Univer- 
sity of Michigan. U. S. Wright Air De- 
velopment Center, January, 1956, 78 pp. 
Available from: Office of Technical Serv- 
ices, U. S. Dept. of Commerce, Wash- 
ington, D. C. (Order PB 121149). 

The three steels studied were nickel- 
chromium-molybdenum (SAE 4340), 1.25 
chromium-molybdenum-vanadium (‘17- 
22-A”S), and 3 chromium-molybdenum- 
tungsten-vanadium (H-40). Martensite, 
martensitic-bainitic, bainitic and bainitic- 
ferritic structures were produced by oil 
quenching l-inch rounds and air cooling 
l-inch and simulated 3 and 6-inch 
rounds. 

Results indicated that the fully bainitic 
structures which were predominantly in 
the upper bainite had maximum strength 
over the range of testing temperatures. 
In general, such structures were found 
in the larger, normalized sections and 
with higher austenitizing temperature. 
Since low values of ductility resulted 
from the higher temperature treatments, 
however, the best combinations of 
strength and ductility were obtained 
when the largest sections were normal- 
ized from the lower austenitizing tem- 
peratures (1750 degrees for SAE 4340 


and “17-22-A”S, and 1950 degrees for 
H-40). 
Regarding the effect of varying the 


88a 





NATIONAL ASSOCIATION OF 


cooling rates of normalized bars, it was 
found that increases in strength oc- 
curred for all three steels as the effec- 
tive bar diameter was increased from 
1 inch to 6 inches. 12471 





6.3 Non-Ferrous Metals 
and Alloys—Heavy 





6.3.2, 3.8.2 

Dissolution of Cadmium in Chromic So- 
lutions. Cecrr V. Kinc AND Epwarp HILt- 
NER. J. Electrochem. Soc., 103, No. 5, 261- 
265 (1956) May. 

Dissolution rate of cadmium was de- 
termined in dilute chromic chloride solu- 
tions containing hydrochloric acid up to 
4M as functions of concentration, stirring 
speed and temperature. The potential of 
the metal in these solutions is essentially 
that of the cadmium-cadmium ion couple, 
and there is little if any anodic polariza- 
tion. Graphs, tables. 15 references.—MR. 


12511 





6.3.4, 3.2.2, 3.7.2 

Sulfur Embrittlement of Cobalt. D. L. 
Martin. Gen. Elec. Co. J. Metals (Trans. 
AIME), 8, No. 5, 578-579 (1956) May. 

Describes eutectic embrittlement by 
sulfur of cobalt. Series of cobalt-sulfur 
alloys was prepared and studied to estab- 
lish effect of sulfur on the hot-working 
characteristics of cobalt. Alloys were 
evaluated for hot brittleness by heating 
to 1000 C in a hydrogen furnace and 
swaging in air. Examination of micro- 
structure revealed cobalt sulfide eutectic 
at grain boundaries. Upper sulfur embrit- 
tlement limit is 0.015%. Damaging effect of 
sulfur on ductility of cobalt is plotted. 
Photomicrographs, 13 references.—INCO. 

12515 
6.3.4, 3.5.9, 3.2.3 

High Temperature Scaling of Cobalt- 
Chromium Alloys. C. A. PHALNIKAR, 
E. B, Evans AnD W. M. BALpwin, Jr. J. 
Electrochem. Soc., 103, No. 8, 429-438 
(1956) August. 

Scaling rates and scale compositions 
of cobalt-chromium alloys were deter- 
mined in the temperature range 900-1200 
C. At any given temperature the scaling 
rate increased with low chromium addi- 
tions, then dropped precipitously with 
further additions reaching a minimum at 
about 25% chromium. Thereafter the 
scaling rate again increased approaching 
the scaling rate of chromium as the 
upper limit. Above a critical concentra- 
tion of about 25% chromium, the scale 
consisted exclusively of chromic oxide. 
Below this critical concentration, com- 
plex scales consisting of the oxides of 
both cobalt and chromium were formed. 
The best scaling resistance was associ- 
ated with a scale consisting Jer scaeee A 
of chromic oxide, not spinel. Schematic 
isothermal sections of the deduced cobalt- 
chromium-oxygen phase diagram were 
applied as an aid in interpreting the scal- 
ing behavior. 12551 


6.3.6, 3.5.8 

Micro-Structure of a Brittle Beta-Brass 
with 3.99% of Aluminum. (In French.) 
A. R. BatLey anp C. Rostns. Rev. Met., 
53, No. 2, 105-110; dise., 110 (1956) Feb. 

Review of literature on intercrystalline 
stress-cracking of high-tensile B-brasses; 
detection, by electrolytic polishing meth- 
ods, of grain boundary grooves in cast 
and heat-treated specimens of a ternary 


B-brass. Micrographs. 16 references.— 
BTR. 12414 
6.3.6, 3.7.2 


Effect of Very Small Contents of Tel- 
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lurium in Copper. (In German.) P. Kane, 
Erzmetall, 9, No. 8, 370-373 (1956) Aug. 
Tests confirming the embrittling effect 
of tellurium on oxygen-containing cop- 
per in hot rolling. There is however a 
suggestion that there is a maximum con- 
tent of tellurium, beyond which the be- 
havior of the copper is improved owing 
to a grain-refining effect of the telluriura. 
Embrittling effect is ascribed to concen- 
tration of tellurium or its compounds it 
grain boundaries.—BNF. 12502 


6.3.7, 3.7.4 


Investigation of the Corrosion Resis‘- 
ance of Solid Solutions of Metals. Pt. [. 
The System Indium-Lead. (In Russian ) 
N. N. GrATSIANSKII AND M. L. Kaptan, J. 
Phys. Chem., USSR (Zhur. Fiz. Khim.}), 
30, No. 3, 651-659 (1956) March. 

In the case of low-melting solid solv- 
tions in which at room temperature the 
atoms possess a high diffusion velocity, 
a limit is observed to the corrosion re- 
sistance—MR. 12464 


6.3.8, 7.10, 4.3.2 

Further Studies on the Anodic Corro- 
sion of Lead in Sulfuric Acid Solutions. 
J. J. LAnper. J. Electrochem. Soc., 103, 
1-8 (1956) January, 

Interprets the thermodynamics and 
kinetics of the corrosion process in order 
to indicate means of preventing or slowing 
down corrosion, thus allowing longer posi- 
tive grid life. Tables, graphs, diagram. 12 
references.—BTR. 11372 





6.3.8 

The Corrosion of Lead in Sulfuric 
Acid as Influenced by the Structure of 
the Metal. (In Russian.) M. A. Dasoran 
Doklady Akad. Nauk. SSSR, 107, No. 6, 
863-866 (1956) June. 

Experimental data on the mechanism 
of action of various anti-corrosion addi- 
tives in lead. Tables, micrographs, photo- 
graph. 7 references.—BTR. 12392 
6.3.8, 4.3.2 

Anodization of Lead in Sulphuric Acid. 
JEANNE BurBANK. J. Electrochem. Soc., 
103, No. 2, 87-91 (1956). 

The anodic-corrosion product formed 
on lead in sulfuric acid solution depends 
on the potential of the metal surface. In 
the potential range between lead-lead 
sulfate and lead sulfate-lead dioxide, the 
following compounds were identified by 
electron diffraction: monobasic lead sul- 
fate, lead hydroxide and lead mono-oxide. 
In addition, the diffraction pattern for an 
unidentified material was observed. Co- 
ordinated potential/time curves show ar- 
rests corresponding to the appearance of 
these compounds, The physical nature of 
these corrosion films is discussed. 14 ref- 
erences.—MA. 12378 


6.3.8, 6.3.14, 2.2.2 

The Use of Lead and Tin Outdoors. 
Georce O. Hiers AND ELBert J. MINARCIK. 
Paper from Symposium on Atmospheric 
Corrosion of Non-Ferrous Metals, ASTM 
Special Publication No. 175, 1956, 135- 
140. Available from: American Society 
for Testing Materials, 1916 Race Street, 
Philadelphia, Pa. 

Corrosion penetration showed chemi- 
cal lead and antimonial lead are remark- 
ably durable in all of the test site exposures. 
Losses in strength can be compensated. 
eT: 12448 


6.3.8, 6.3.11, 3.6.8, 3.8.4 

Oxide Formation and Overvoltage of 
Oxygen on Lead and Silver Anodes in 
Alkaline Solution, P. Jones, H. R. Toirsk 
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snp W. F. K. WynneE-JoneEs. Trans. Fara- 
lay Soc., 52, No. 7, 1003-1011 (1956) July. 

Study of anodic behavior of lead and 
silver in 1 N potassium hydroxide to de- 
‘ermine nature of oxide layers formed 
ind their influence on the measurement 
f oxygen overvoltage.—BNF. 12476 


5.3.9, 3.5.9 


Protecting Molybdenum from Oxida- 
tion. A. J. Herzig AND J. R. BLANCHARD. 
‘imax Molybdenum Co. Metal Progress, 
68, No. 4, 109-114 (1955) October. 


Discusses cladding, electroplating, metal 
spraying and ceramic coatings for protec- 
ion of molybdenum at temperatures above 
1450F. Coatings attain their protective and 
-efractory characteristics through diffusion 
£ molybdenum into them and from inter- 
ial formation of oxidation products. Coat- 
ng compositions of chromium-silicon, 
-hromium-molybdenum - silicon, molyb- 
lenum-nickel-silicon, iron-silicon and 
lickel-silicon, all mixed with aluminum for 
spraying and Colomonoy #5 and #6, and 
‘oast Metals Alloy Mod. 50, sprayed with- 
wut aluminum, are evaluated. All provide 
»xidation protection for 500 hours at 
1800F. Tests included oxidation, thermal 
shock, ductility, ballistic impact and ero- 
sion tests. Table—INCO. 11487 


6.3.10, 3.7.2, 1.6 

Investigation of the Effects of Incon- 
gruous Elements and the. Interaction 
Effects of These Elements on High 
Temperature Strength of Iron-Cobalt- 
Nickel-Chromium Alloys. T. L. Rosert- 
SHAW AND F. M. RicHMOND. Universal- 
Cyclops Steel Corp. U. S. Wright Air 
Development Center, April, 1956, 62 pp. 
Available from: Office of Technical Serv- 
ices, U. S. Dept. of Commerce, Washing- 
ton, D. C. (Order PB 121379). 


An investigation was made of the effect 
of hardening elements (molybdenum, co- 
lumbium, aluminum, titanium, boron, car- 
bon and zirconium) on the high temperature 
properties of vacuum melted alloys with 
a base composition of 60 atomic percent 
nickel, 20 atomic percent chromium, 10 
atomic percent cobalt, and 10 atomic 
percent iron. Stress rupture properties of 
these alloys at 1600 F were found to be 
dependent on the vacuum obtained dur- 
ing melting, the fabrication methods and 
the total amount of hardener. It was 
concluded that a higher level of strength 
was more likely to occur at a given hard- 
ener level when a greater variety of 
hardening elements were added. 12573 


6.3.10, 4.2.3, 3.2.2 


Contribution to the Knowledge of 
Modified Heat-Resistant 80-20 Nickel- 
Chromium Alloys. (In French.) M. Ma- 
rHiEU. Recherche Aeronaut., No. 51, 43-51 
(1956) May-June. 

An investigation of the causes of frac- 
ture of forged buckets. Evolution of 
structure under conditions of use; corro- 
sion in air and combustion gases; effect 
of work-hardening on both structure and 
corrosion. Skin-annealing for protection 
against cracking corrosion. 29 references. 
—BNF. 12525 


6.3.14 

Creep of Polycrystalline Tin. J. E. 
3REEN AND J. WEERTMAN. J. Metals 
(Trans. A.I.M.E.), 7, No. 11, Section 2, 
1230-1234 (1955) Nov. 

Creep rate studied as a function of 
temperature and stress in constant stress 
experiments from room temperature al- 
most to the melting. point BNF. 11330 
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6.3.15 

Electrical Resistance Study of the 
Effects of Oxygen on the Allotropic 
Transformation of Titanium. L. A. DeE- 
Pure aAnp E, J. Cuapin. Naval Research 
Laboratory, February, 1956, 26 pp. Avail- 
able from: Office of Technical Services, 
U. S. Dept. of Commerce, Washington, 
D. C. (Order PB 111741). 

The allotropic transformation of eight 
titanium-oxygen alloys ranging from 
0.028 to 2.7% was studied by determin- 
ing their change of electrical resistance 
with temperature. All the alloys were 
prepared by arc fusion of high-purity 
titanium with pure titanium dioxide, ex- 
cept for one high-purity alloy which was 
not fused but prepared directly from the 
as-deposited condition by mechanical 
working. The resistance of the speci- 
mens was measured in vacuum by ob- 
taining the voltage drop across a gage 
length of 1.75 inches, using a low cur- 
rent ranging from 51 to 91 milliamperes. 
This method of measuring the electrical 
resistance as a function of temperature 
was found to be a highly sensitive and 
reproducible means for continually fol- 


lowing the progress of the allotropic 
transformation of titanium-oxygen alloys. 
12393 

6.3.15 , ay: 
The Cold Extrusion of Titanium. 


\. M. SasrorFr AND P. D. Frost. Battelle 
Memorial Institute. U. S. Wright Air 
Development Center, February, 1956, 50 
pp. Available from: Office of Technical 
Services, U. S. Dept. of Commerce, 
Washington, D. C. (Order PB 121267). 

The methods of cold shaping of other 
metals were successfully applied to un- 
alloyed titanium during preliminary ex- 
perimentation, With an initial approach 
based on cold extrusion of steel, studies 
were conducted on two grades of un- 
alloyed titanium to evaluate effects of 
die design and extrusion reduction. For- 
ward extrusions with reductions of 40, 
50 and 60 percent were accomplished on 
3-inch billets with diameters of 1% inches. 
A fluorine coating combined with an 
oil-graphite-molybdenum disulfide lubri- 
cant prevented seizing between the work- 
piece and the die and produced a good 
surface finish. Working pressures were 
comparable to those required for cold 


extrusion of steel. The extruded bars 
showed uniform deformation and work 
hardening. 12565 


63:15, 3.7.2, Suc-2, 1.6 

The Effects of Interstitial Contami- 
nants on the Notch-Tensile Properties 
of Titanium and Titanium Alloys. FE. P. 


Kier AND N. FreoLra. Syracuse Univer- 
sity. U. S. Wright Air Development 
Center, March, 1956, 105 pp. Available 


from: Office of Technical Services, U. S. 
Department of Commerce, Washington, 
D. C. (Order PB 121335). 
Notch-tensile properties of sponge ti- 
tanium contaminated with oxygen, ni- 
trogen and carbon were determined. Base 
oxygen content of the different materials 


were valued at about 0.035%. About 
0.25% nitrogen can be tolerated at —65 
and —100 F while at —320 F the max- 


imum is about 0.20 percent. At —65 and 
—100 F about 0.40% carbon can be tol- 
erated while at —320 only 0.3 can be 


allowed. Brittle behavior in the notch- 
tensile test of titanium melted from 
sponge and contaminated to maximum 


levels was observed at —320 F. Figures 
on embrittlement effectiveness of the 
contaminants indicate that large amounts 
of carbon and smaller amounts. of 
nitrogen can be tolerated in titanium 


90a 





with a base oxygen content of 0.035% 
without severe embrittlement even at 
—320 F. The presence of nitrogen in all 
oxygen alloys makes it difficult to deter- 
mine the embrittling action of oxygen 
in the presence of nitrogen. Better be- 
havior at higher testing temperatures is 
indicated and if notch tough titanium is 
to be obtained low oxygen levels must 
be maintained. 12487 


6.3.15, 6.3.20, 3.6.6, 1.6 


Galvanic Corrosion Properties of Ti- 
tanium and Zirconium (Coupled with 
Other Metals) in Various Inorganic 
Solutions. D. ScHLatn, C. B. KENAHAN 
AND D. V. STEELE. U. S. Dept. of Interior, 
Bureau of Mines, Rept. of Investigations 
No, 5201, April, 1956, 60 pp. 

Behavior of couples of titanium and 
of zirconium with magnesium, magne- 
sium alloy FSI, aluminum alloys, zinc, 
steel, tin, lead, copper, Monel, nickel and 
several stainless steels; in synthetic ocean 
water, tap water, 5% ammonium sulfate, 
5.5% sodium chloride, sodium hydrox- 
ide, 0.1 N hydrochloric acid and several 
concentrations of sulfuric acid at 35 and 
60 C—BNF. 12568 


6.3.20, 1.6 

Some Investigations into Zirconium 
Alloy Systems. B. A. Rocers anp P. 
Curotti. Ames Lab. U. S. Atomic Energy 
Comm. Pubn., ISC-132, November 28, 
1950 (Declassified January 6, 1956), 64 
pp. Available from: Office of Technical 
Services, Washington, D. C. 

A series of individual reports on the 
binary alloy systems of zirconium with 
aluminum, antimony, bismuth, carbon, 
copper, germanium, niobium, thorium, 
tin and uranium is presented. The avail- 
able thermal, microscopic, x-ray-diffrac- 
tion, hardness and corrosion data are 
given. Some qualitative data on corro- 
sion of miscellaneous alloys with chro- 
mium, platinum, lead, vanadium and 
molybdenum is appended.—NSA. 12578 


6.3.20, 1.6 


Zirconium Alloy Corrosion Data Sub- 
mitted to the Zirconium Alloy Corrosion 
Committee Meeting, May 17 and 18, 
1954. STANLEY KAss. Westinghouse Elec. 
Corp. U. S. Atomic Energy Comm. Pubn., 
AECD-4017, Declassified January 14, 
1956, 63 pp. 

Numerous data on corrosion of Zirca- 
loy-2, Zircaloy-3, and various zirconium- 
base alloys in 680 F water, 600 F hydro- 


genated water, 750 F steam, etc., are 
compiled. The effects of the various 
compositions and heat treatments are 
shown.—NSA. 12504 


6.3.20, 3.5.9 


An Investigation of Scaling of Zirco- 
nium at Elevated Temperatures (Quar- 
terly Status Report No. 12 for March 2, 
1956 to June 2, 1956). C. A. Barrett, 
E. B. Evans ANnp W. M. BALpwin, Jr. 
Case Inst. of Technology. U. S. Atomic 
Energy Comm. Pubn., AECU-3257, June 
11, 1956, 4 pp. Available from: Office of 
Technical Services, Washington, D. C. 

Scaling of zirconium at elevated tem- 
peratures in air was studied. Self-heat- 
ing effects, hydrogen pickup and simu- 
lated scales were evaluated for their 
effect on the scaling.—-NSA. 12404 


6.3.20, 3.7.3 

Effect of Heat Treatment on the Cor- 
rosion Behavior of Zirconium Binary 
Alloys of Nickel and Iron. D. S. KNep- 
PEL, Nuclear Metals, Inc. U. S. Atomic 


NATIONAL ASSOCIATION OF CORROSION 
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Energy Commission Pubn., NMI-1137, 
June 22, 1955, 44 pp. 

The effect of heat treatment on tiie 
corrosion resistance in 680 F water 5f 
zirconium binary alloy of iron and nickel 
was studied. Slow-cooling zirconiun 
from beta phase tended to precipita‘e 
out the zirconium compounds of iron or 
nickel resulting in metal of poor corr»- 
sion resistance because of preferred at- 
tack of these compounds. In addition, it 
appears that stresses developed whin 
zirconium transforms rapidly from bea 
to alpha, are also a cause of accelerate d 
attack. Nickel in solid solution is very 
effective in inhibiting corrosion due io 
transformation stresses whereas iron s 
only mildly effective. (auth)—NSA. 

1175} 


6.3.20, 4.6.1 

Aqueous Corrosion of Zirconium and 
Its Alloys at Elevated Temperatures. 
D. E. Tuomas. Paper before Internationa 
Conf. on Peaceful Uses of Atomic En 
ergy, Geneva, August, 1955. United Na 
tions Paper A/CONF. 8/P/537, August 
1955, 16 pp. 

Discussion of corrosion of unalloye: 
zirconium in high-temperature water in 
cluding kinetics and effect of impurities 
(beneficial effects of iron, chromium and 
nickel when present at about 0.1%) 
corrosion of zirconium in steam and 
corrosion behavior of binary and higher 
alloys of zirconium, (zirconium-tin, zir- 
conium-iron, zirconium-nickel, zirconium- 
chromium alloys). Nickel, when present 
above 0.5 wt% confers corrosion-resist- 
ance in steam at 400-816 C. It is superior 
to that of unalloyed zirconium, but has 
adverse effect on corrosion-resistance in 
hot water. Effects of alloying elements 
are additive. Extensive data on corro- 
sion behavior of Zircaloy 2 (a sponge- 
base alloy permitting use of Kroll proc- 
ess zirconium sponge, developed by 
Westinghouse and containing 1.5 tin, 
0.12 iron, 0.1 chromium, 0.05% nickel, 
60 ppm max. nitrogen) in high-tempera- 
ture water and steam are given. Mech- 
anism of corrosion and application of 
corrosion data so far obtained to design 
of components are described. 11 refer- 
ences.—I NCO. 11847 


6.3.20, 3.7.3 

The Welding of Zirconium. E. ( 
RoLLASON AND B. S. HocKENHULL. Weld- 
ing and Metal Fabrication, 24, No. 7, 230- 
234 (1956) July. 

Argon arc welding of zirconium: the 
purity of the metal greatly affected weld 
ductility and the iron and oxygen con- 
tents should be as low as possible. DC 
welding is superior to AC. Results of 
bend, tensile and corrosion tests and 
metallographic examination are given. 
Surface absorption of oxygen during 
welding improved the corrosion resist- 
ance. Some work was also done on the 
welding of zirconium to stainless steel. 
—BNF. 12569 


6.3.21, 2.6 

Aqueous Corrosion of Thorium and 
Thorium Alloys. J. W. Arenpt, W. W. 
Bincer, J. HopKins AnD F. NE son. Chi- 
cago Univ. U. S. Atomic Energy Comm. 
Pubn., CT-3036, June 23, 1945 (Declassi- 
fied January 4, 1956), 31 pp. Available 
from: Office of Technical Services, U. S 
Dept. of Commerce, Washington, D. C. 

A study of the resistance to aqueous 
corrosion of extruded Ames thorium, a 
cast material and of extruded Westing- 
house thorium, a material made _ by 
powder metallurgy, as well as of tho- 
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, Of Now is the time to do some new thinking 
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er- about titanium and zirconium. These metals 

347 with their many advantages will soon be WHAT CAN YOU DO WITH TITANIUM 
much more plentiful at much lower cost. AND ZIRCONIUM AT LOWER PRICES? 
Reason: U.S.I. will be coming onstream cae 5 

( ° caae In the future titanium sponge prices are ex- 

ld- shortly with a 10-million pound per year i 

. : 3 ANI ; : 1 hi pected to drop to about $2.00 a pound, with a 

3()- titanium plant A} ) a zirconium p ant which corresponding drop in the prices of mill prod- 

will supply one million pounds of that metal ucts. At these prices the exceptional strength- 

‘ld to industry. to-weight ratio and corrosion resistance of 

a Zirconium from the new plant will seil for titanium can be put to work in the aircraft, 

IC considerably less than current prices. Here’s marine, automotive, chemical and allied fields. 

of why: U.S.I. will use the most economical pro- Or consider the eventual price of U.S.I. com- 

} ‘ 7 . . . . 

#4 duction technique ever developed for reduc- mercial grade zirconium: an estimated $3.00 a 

*Ti. : . . . . 1 i i 

- ing metallic chlorides — a semi-continuous — ee ae a ta en -_ 

: 5 : t t. 

st- sodium reduction process. This process has Re ee ene ere 

ta oy epee : . ° ° ° will make zirconium practical for chemical 

1¢ possibilities of reducing titanium prices in ; ; ; : 

el. the Pubave ne well equipment, marine equipment, food equipment 

69 , u ure as we . P : . and surgical metals among other uses. Zirco- 

So think again about zirconium and tita- nium has light weight, high structural strength, 

nium for industrial equipment. Remember excellent corrosion and heat resistance; and 

id that they are lighter than other metals —a reactor-grade zirconium has outstanding nu- 

: pound goes farther. Remember that they are clear properties. 

_ more durable than other metals—a fabricated 

i- product lasts longer. 

: Write to Bill Greenleaf, U.S.I. Manager of 

| Metals Department, for more information on 

" these new metals from U.S.I. 
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rium alloys in “as cast” condition is 
reported. Samples were exposed in air- 
free, relatively pure water at tempera- 
tures of 100 and 178 C and also in a 
simulated river water with added hy- 
drogen peroxide (0.006N) flowing at 20 
to 25 ft/sec at a temperature of 70 C. It 
was necessary to devise a suitable method 
to remove the corrosion products with- 
out removing unaltered metal, in order 
to obtain accurate corrosion rates of 
thorium. The most satisfactory methods 
were treatment with 70 wt.% nitric acid 
saturated with sodium fluoride at room 
temperature, and anodizing in 10 wt.% 

sodium hydroxide at 30 to 34 C. (auth) 
—NSA. 12391 


6.3.21, 3.5.9, 5.3.4 

Protection of Thorium at Elevated 
Temperatures. Part I. Silver Plating for 
Short-Time Atmospheric Exposure at 
700 C. R. T. OrHMER AND GLENN Mur- 
pHy. Ames Lab. U. S. Atomic Energy 
Comm. Pubn., ISC-214, April 10, 1952 
(Declassified January 5, 1956), 8 pp. 
Available from: Office of Technical Serv- 
ices, Washington, D. C. 

Silver plating was investigated as 
method of preventing corrosion of tho- 
rium at temperatures ranging from 300 
to 700 C. Plating procedure and results 
of tensile and fatigue tests of plated 
specimens are discussed. Investigation 
of multiple coatings in order to improve 
protection is under investigation —NSA. 

12526 


6.3.21, 3.8.4, 5.9.4 

Anodic Film Growth on Hafnium in 
Nitric Acid. R. D. Miscu ann E. S. 
FisHer. J. Electrochem. Soc., 103, No. 3, 
153-156 (1956) March. 

In 70% nitric acid at room tempera- 
ture, an anodic film developed uniformly 
over single hafnium crystals with a 
thickness dependent upon the metal crystal 
orientation. At 0.025 ma/cm? the cell 
voltage did not exceed 1.5 v; at 1.5 
ma/cm’ the cell voltage rose to 185 v 
and the film was broken down by spark- 
ing. At 90 C and 0.025 ma/cm’, the ox- 
ide developed discontinuously over hafnium 
crystals with the formation of wedge 
like patches. This discontinuous growth 
was attributed to nucleation at metal 
surface imperfections. An_ orientation 
effect in the electropolishing of hafnium 


was also noted. (auth)—NSA. 12520 


6.4 Non-Ferrous Metals 
and Alloys——Light 


6.4.2 
Unidal 
nesium). (In 
Hue. Aluminium Suisse, 
(1955) July. 
Composition, 
cal properties, 


(Aluminum-4.5 Zinc-1 Mag- 
French and German.) H. 


5, No. 4, 112-12 


physical and mechani- 
heat treatment, plastic 
deformation, welding, chemical and 
anodic oxidation, corrosion properties 
and application of Unidal are discussed. 

BNF 10944 


6.4.2, 3.2.2 

The Pitting of an Aluminium Por- 
ringer by Copper-Contaminated Water. 
I. M. Bryan. J. Sct. Food and Aogr., 6, 
305-311 (1955) June. 
aluminum was found 
to be due to contamination of water by 
copper: use of metallic scourers con- 
taining copper can also cause severe 
pitting. The pitting was not serious in 
the absence of salt. It is suggested that 


92a 


Rapid corrosion of 


CORROSION—-NATIONAL ASSOCIATION OF 
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Nylon scourers be substituted for brass 
or copper.—BNF. 11927 


6.4.2 

A Review of Aluminium Alloys as 
Engineering Materials. J. R. HANDFoRTH. 
Welding, 23, No. 6, 204-210 (1955). 

Handforth classifies aluminum alloys 
into four groups: 1) low-strength alloys, 
e.g. SIB and NS3; 2) medium-strength 
alloys, e.g. NS4-7 and HS10; 3) Du- 
ralumin and Super-Duralumin; and 4) 
high-strength alloys, eg. D.T.D. 687. 
The heat-treatment, corrosion-resistance, 
fabrication and welding of these alloys 
and examples of their applications are 
reviewed.—MA. 11804 


6.4.2 

Die Forging and Forming Alumin- 
ium Alloys. (In French.) Ropert CoLoms. 
Rev. Aluminium, 33, No. 229, 162-167 
(1956) Feb. 

In this concluding part of a series of 
articles on aluminum alloy forgings the 
aims and methods of dimensional and 
quality control before and after heat 
treatment are discussed and the toler- 
ances are tabulated. Some practical in- 
formation concerning corrosion protection 
and machining of forgings is also pre- 


sented.—ALL. 12407 


6.4.2 

Sealing of Holes in Aluminum Sheet 
by Oxidation. S. ANpErson AND N. Gor- 
powskr. Chicago Univ. U. S. Atomic 
Energy Comm. Pubn., CP-1837, July 15, 
1944 (Declassified January 5, 1956), 30 
pp. Available from: Office of Technical 
Services, U. S. Dept. of Commerce, 
Washington, D. C. 

An investigation is made of the con- 
ditions under which holes in aluminum 
may be expected to close by oxidation 
while in use in reactors. A brief theo- 
retical discussion is given of the mecha- 
nism of oxidation of aluminum. Prelimi- 
nary experimental results on plugging 
by chemical oxidation and by corrosion 
are summarized. It is concluded that 
under the most favorable conditions, only 
small holes may be sealed by oxidation 
processes.—NSA. 12421 


6:4.2,2:2:2 

Effect of 20-Year Marine Atmosphere 
Exposure on Some Aluminum Alloys. F. 
M. RetnHArT AND G. A, ELLINGER, Paper 
before ASTM, 58th Ann. Mtg., Symp. on 
Atmospheric Corrosion of Non-Ferrous 
Metals, Atlantic City, June 29, 1955. Am. 
Soc. Testing Materials Special Technical 
Publication No. 175, 1956, 47-64; disc., 
65-66; Summary: Nat'l. Bureau of Stand- 
ards Tech. News Bull., 40, No. 1, 13-15 
(1956) Jan. 

Corrosion data on specimens of com- 
mercially available structural aluminum 
alloys and some experimental alloys ex- 
long-time weather tests in 
1932 at Coco Solo, Canal Zone, Nor- 
folk, Va. and Washington, D. C. All 
of the non-heat-treatable alloys contain- 
ing < 4 magnesium and one with 1 
manganese were very: resistant to cor- 
rosion. Of heat treatable alloys, clad 
varieties and one alloyed with 2 cad- 
mium were quite corrosion resistant, 
while those containing copper, silicon 
and manganese were least resistant. 
\luminum-copper alloys were sus- 
ceptible to intergranular corrosion and 
rapid disintegration when improperly 
quenched or artificially aged unless 
adequately protected. Effects of various 
surface treatments and protective paints 
were noted. Anodically formed films 


posed for 


ENGINEERS Vol. 1: 


gave more protection than films fron 
chemical immersion. Most Protectiv 
paints were those pigmented with zin: 
chromate and aluminum powder, N 
carlium, an aluminum alloy containin 
0.01 nickel, 0.17 molybdenum, 0.18 zin 
and 0.08 tungsten, was among alloys 
tested. Tables, graphs.—INCO. 12555 


6.4.2, 3.2.3, 5.4.2 

Natural and Thermally Formed 
Oxide Films on Aluminum. M. 
Hunter ANd P. Fowte. J. Electroche: 
Soc., 103, 482-485 (1956) Sept. 

Structure and rate of formation of 
natural and thermally formed oxic¢ 
films on aluminum are discussed. It ‘s 
shown that these films consist of a 
layer of barrier-type oxide, the thic! 
ness of which is primarily a function o: 
temperature and a porous layer, t! 
thickness of which is determined b 
time and natural forces associated wit 
the environment. Effects of temperatur: 
and environment on the formation rat 
and ultimate thickness of these layer 
are described. 1249s 


6.4.2, 3.5.8 

The Stress-Corrosion of Certain Alu 
minium Alloys. H. K. FARMERY AN 
U. R. Evans. J. Inst. Metals (England) 
84, Pt. 11, 413-422 (1956) July. 

Stress-corrosion cracking of shee 
material in salt solution is favored 
1) by removal of the as-rolled film fron 
aluminum-7% magnesium alloy in alu 
minum chloride solution or of that fron 
aluminum-4% copper alloy in sodium 
hydroxide solution, and 2) by additior 
of sodium bicarbonate to the salt solu 
tion, which prevents the weak anodi 
acidity being swamped by the strong 
cathodic alkalinity; the stress-corrosio1 
life is greatly affected by previous heat 
treatment. If the exposed area is made 
small, life is usually increased, but 
electrical connection to a large un- 
stressed area may shorten the life of 
the 7% magnesium alloy; the current 
flowing in a “differential stress cell” be- 
tween a stressed 7% magnesium alloy 
specimen as anode and an _ unstressed 
one as cathode, increases with the 
magnitude of the stress applied. Junc- 
tion of the small stressed alloy speci- 
men to a noble metal such as coppe 
greatly shortens the life. The absence 
of conspicuous corrosion product and 
the bright fracture suggest that the 
total amount of chemical action is not 
large, but chemical change affecting 
only a small amount of intergranular 
matter may suffice to replace plastic de- 
formation within the grains by inter- 
granular rupture. (auth)—ALL. 12459 


6.4.2, 4.6.1 

Aqueous Corrosion of Aluminum. Pt. 
2. Methods of Protection Above 200 C. 
J. E. Dratey anp W. E. RutHer. Cor- 
rosion, 12, No. 10, 480t-490t (1956) Oct. 

At elevated temperatures most alu- 
minum alloys in water suffer sever¢ 
penetrating attack, resulting in their 
relatively rapid destruction. This pene- 
trating attack is explained in terms of 
mechanical damage as a result of dif- 
fusion of corrosion-product hydrogen 
into the metal. 

It is prevented by adding to the 
water cations which are reduced on the 
aluminum to form deposits of low hy- 
drogen overvoltage metals. It is also 
prevented in untreated water by using 
aluminum alloyed with the same metals. 
Alloying metals observed to be_ bene- 
ficial are nickel, copper, cobalt, iron 
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and platinum, with nickel probably the 
most effective. 

[here has been developed an alloy, 
containing approximately 1% nickel in 
1100 aluminum, which appears to be 
completely safe against the penetrating 
attack up to 350 C. It is easy to make 
yd is workable. It probably can be 

d, from a corrosion-resistant point 

view, wherever its normal reaction 

te with water or a solution is toler- 
ible. Penetration rates in static distilled 
vater range from approximately 0.5 
ng/dm?-day at 150 C to 18 mdd at 

0 C (0.3 to 9 mils per year). They 

higher where there is significant 
flow velocity of water past metal. 12353 


4.2, 4.6.2 

High Temperature Aqueous Cor- 
rosion of Commercial Aluminum AIl- 
loys. R. L. Ditton, R. E. Witson anp 

H. TroutNner. Hanford Atomic Prod- 
ts Operation. U. S. Atomic Energy 
mm. Pubn., HW-37636, Jan. 11, 1956, 
t pp. Available from: Office of Tech- 
cal Services, Washington, D. C. 

The corrosion resistance of some 50 
mmercial aluminum alloys has been in- 
‘stigated in high temperature distilled 
iter. From static autoclaves conducted 

250, 305 and 350 C, the aluminum- 
ickel, aluminum-silicon, aluminum-cop- 
er-nickel and aluminum-magnesium-sili- 
mn alloys have been shown to be most 
yrrosion resistant. In cases of rapid fail- 
re the attack is intergranular, The more 
esistant alloys all contain significant 
mounts of copper, nickel or silicon. 
auth)-—NSA. 12409 


5.4.2, 4.6.2, 3.7.2 

The Attack of Water on High Purity 
Aluminum at Elevated Temperatures; 
Observations Made on the Mechan- 
isms. (In French.) JEAN HERENGUEL 
\ND Pierre LeELtonc. Compt. Rend., 242, 
No. 25, 2941-2944 (1956) June 18. 

Electrolytically or chemically polished 
samples of high purity aluminum were 
subjected to the corrosive attack of 
water at 165 and 205 C, Three distinct 
processes were observed: 1) formation 
of a homogeneous and continuous pro- 
tective film, approximately 12 yw thick; 
2) intergranular penetration into said 
film; 3) pitting at the metal/film inter- 
face competing with the aforementioned 
phenomena and gradually replacing ef- 
fect 1). The kinetics of these processes 
ire diagrammatically represented. Di- 
mensional changes of the sample due to 
the effects described are scrutinized and 
t is said that information thus ob- 
tained may permit the evaluation and 
classification of the various alloying ad- 
litions which are thought to increase 
the resistance of aluminum to water at 
elevated temperatures.—ALL. 12465 


6.4.3, 3.5.9, 3.4.6 

The Reaction of Beryllium with Car- 
bon Dioxide in the Temperature Range 
500-700 C. W. Munro Anp J. WILLIAMS. 
Gt. Brit. Atomic Energy Research Estab- 
lishment, Harwell, Berks, England, Febru- 
iry, 1956, 16 pp. 

The corrosion of dense beryllium in 
wet and dry carbon dioxide at atmos- 
pheric pressure has been investigated for 
the temperature range 500 to 700 C. At 
500 C the corrosion rate in both wet and 
Ir’ gas is negligible; at 600 C the cor- 
rosion product film is protective in the 
dry but not the wet gas; at 650 and 
700 C the surface film is no longer pro- 
tective even in the dry gas. Comparison 
of the weight gains in dry oxygen and 
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dry carbon dioxide suggests that beryl- 
lium carbide formation may become sig- 
nificant at 650 C and make the oxide 
film non-protective. (auth) —NSA. 12519 


6.4.3, 3.8.4, 3.5.9, 3.7.4 

The Structure and Growth of Oxide 
Layers Formed on Beryllium. I. S. 
Kerr AND H. Witman. J. Inst. Metals, 
84, Pt. 10, 379-382; disc., 383-384 (1956) 
June. 

An electron-diffraction study of oxide 
layers on beryllium has established that 
on polycrystalline metal surfaces at 
300 C and over, the oxide developed in 
a one-degree orientation which varied 
with the temperature of formation. On 
abraded beryllium below 700 C, the 
beryllium oxide grew in the (001) 
orientation, but above 700 C in (100). 
The oxide formed on smooth, electro- 
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polished, coarsely crystalline beryllium 
at temperatures up to 250 C had a 
grain-size of about 10 A, but that 
formed at 300 C and above measured 
60 A or more, with preferred (001) 
orientation up to 700 C. Growth of the 
oxide in air at room temperature was 
not increased by irradiation with ultra- 
violet light. On vacuum-deposited beryl- 
lium surfaces, the oxide grew epitaxi- 
ally on the exposed (001) and (110) 
metal faces, even though at room tem- 
perature the grain-size of the oxide 
crystals was only about 10 A. This 
striking case of epitaxy under condi- 
tions of extremely limited surface mo- 
bility was thus observed at a stage 
only a little beyond that at which the 
initial nuclei originate from chemisorp- 
tion. Anodic beryllium oxide layers, 
formed in a nitric-chromic acid solu- 
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tion, grew at a constant rate up to sev- 
eral thousand A thickness, with a linear 
current/voltage relationship. The initial 
very thin beryllium oxide layers were 
amorphous, but on reaching a thickness 
of 100-150 A and subsequently, the sur- 
face consisted of dandomly disposed 
beryllium oxide crystals, 60 A or more 
in diameter, indicating that in this and 
similar cases the surface temperature of 
the growing deposit considerably ex- 
ceeds 300 C, (auth)—MA. 12559 


6.4.4, 3.6.8, 3.2.2 

Effect of Anodic and Cathodic 
Polarization on the Susceptibility of Al- 
loy MA-3 (Magnesium Alloy) to Cor- 
rosion Cracking in a Solution of 35 
g/1 Sodium Chloride + 20 g/l Potas- 
sium Chromate. V. V. Romanov. J. Ap- 
plied Chem., USSR (Zhur. Priklad. 


Khim.), 29, No. 8, 1191-1196 (1956). 
Anodic polarization was found to in- 
crease susceptibility; cathodic, to de- 
crease it. Two tables, 5 figures, 5 refer- 
ences.—ATS. Translation available: As- 
sociated Technical Services, P. Box 
271, East Orange, New Jersey. 12562 


6.4.4, 3.7.2 

Experimental Magnesium Alloys 
Containing Nickel, Manganese, Lithium 
and Aluminum. J. A. RowLanp, C. E. 
ARMANTROUT AND D. F. Watsu. U. S. 
Dept. of Interior, Bur. of Mines, Re- 
port of Investigations No. 5250, July, 
1956, 21 pp. 

Investigation of properties and fabri- 
cation of magnesium alloys containing 
nickel, nickel and manganese, lithium, 
lithium and manganese and lithium and 
aluminum. Magnesium-nickel and mag- 
nesium-nickel-manganese alloys failed 
to develop superior mechanical proper- 
ties and were very low in resistance to 


corrosion. Magnesium-lithium series, al- 
though entirely plastic, had low 
strength properties. Addition of small 
amounts of aluminum to the mag- 
nesium-lithium base did not affect 
greatly either the ductility or the 
strength. Photomicrographs, graphs.— 
INCO. 12582 





6.6 Non-Metallic Materials 





6.6.5, 5.4.5 

Concrete Coating Materials. Detailed 
Project Status Report. Job. 11. Kellex 
Corp. U. S. Atomic Energy Comm. 
Pubn., KILX-71, Sept. 23, 1949 (De- 
classified January 10, 1956), 13° pp. 
Available from: Office of Technical 
Services, Washington, D. C 

Industrial vinyl copolymer resin paints 
were found to provide satisfactory 
waterproof coatings for the concrete 
walls. They were found to have suf- 
ficient corrosion resistance to warrant 
their consideration for other applica- 
tions, especially they are less ex- 
pensive and are easier to prepare than 
flame sprayed plastics—NSA, 12478 


since 


6.6.5, 6.6.6 
Chemical- and Corrosion-Resistant 
Floors. B. Mour. Corrosion Technology, 
3, No. 7, 227-231 (1956) July. 
Types of corrosion-resistant 
discussed include acid-resisting 
mastic, rubber latex/hydraulic 
mixtures, membranes 


flooring 
asphalt 
cement 
(impervious un- 


derlayers), acid- and chemical-resisting 
brick, and acid- and _ alkali-resisting 
mortars (silicate cement, sulfur cement, 
bituminous cement and resin in  mor- 
tars).—INCO. 12522 
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7. EQUIPMENT 


7.1 Engines, Bearings 
and Turbines 








7A 

Corrosion of the Cylinders of Auto- 
mobile and Tractor Engines. (In Rus- 
sian.) B, B. GenBom. Avtomobil’naya 1 
Traktornaya Promyshlennost’, No. 5, 18- 
23 (1956) May. 

Temperature of combustion of 
and other conditions controlling 
trochemical corrosion of cylinders. Un- 
even distribution of temperature on 
cylinder surfaces as a cause of uneven 
wear. Effect of variation in engine’s 
cooling system.—BTR. 12458 


fuels 
elec- 





7.2 Valves, Pipes and Meters 


7.2, 5.4.2 

Intrinsic Protection of Water Mains. 
M. Unz. Corrosion, 12, No. 10, 526t- 
532t (1956) October. 

Inherent protection against corrosion 
hazards is essential in water supply 


systems. External corrosion is reduced 


by the use of cement coatings and 
separation of heterogeneous line sec- 
tions. Internal galvanic action, ecspeci- 
ally in seen’ concrete structures, 
is eliminated by separation or match- 
ing of materials. A complete solution 
of the problem is atained only by 
electrically nonconducting pipe. In- 
ternal corrosion and blocking of pipes 
can be prevented by water treatment. 


Investigations on an irrigation sys- 
tem confirm that bare or bituminous 
coated steel components are anodic to 
cement coated lines. Irrigation outlets 
during the dry season also usually are 


anodic to the trunk line. In anodic 
areas a chemical absorption process 
takes place in the cement coating, 


increases its protec- 
presence of an ade- 
pure cement over the 
essential for this pro- 
12357 


which intrinsically 
tive value. The 
quate layer of 

steel surface is 

tective effect. 


7.4 Heat Exchangers 


7.4.2 

Design, Operation and Maintenance 
of Marine Surface Condensers. J. F. 
SeBaLp. Worthington Corp. Mariner, 4, 
Nos. 4, 5, 6, 8, 14, 48, 51; 18-19, 36-37, 
40-41; 14- 15) 64, 66; 18-19, 44-47, 54-56 
(1956) April, May, June, August. 

Corrosion resistance to condenser 


circulating water is a major factor in 
selecting condenser tube materials for 
merchant ships. Aluminum brass and 
aluminum bronze are generally satis- 
factory for sea water but when a high 
degree of dependability is involved, 


copper-nickel condenser tubes are used. 


Modern marine type steam condensers 
are built with water chests made from 
copper base alloys or from steel. Cop- 


per alloy water chests are protected 
from salt water corrosion by lining with 
tin. Water chests made of ferrous ma- 
terials are protected by application of 


synthetic rubber coatings or _ plastic 
paints. Water chests made of ferrous 
materials protected from electrolytic 


corrosion by use of sacrificial metals, 


zinc or magnesium, installed in the 
water space. Cleaning of fouled con- 
denser tubes by wire brushing and rod- 


Illustrations —INCO. 
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ding is discussed. 
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7.4.2, 6.3.6, 4.6.2, 4.6.4 

Corrosion, Cracking and Erosion on 
the Outer Surfaces of Copper Alloy 
Condenser Tubes. Pt. I, (In Germa: ) 
F. W. Norurinc. Metall, 10, No. 11/!2 
520-523 (1956) June. 

Begins with a table setting out m.- 
terials used in Germany as condenser 
tubes and heat exchangers (64/36 cc »p- 
per/zinc; arsenical or non-arsenical 7))/ 
30 copper/zinc; arsenical 70/29/1 c p- 
per/zinc/tin; arsenical aluminum bra-s 
copper/nickel/iron, 10/20/30 nickel; «+r 


senical copper/aluminum 95/5; arseni-al 


copper; phosphorized copper: for ;r- 
senical brass, and/or phosphorus is 
quoted). Corrosion by condensates >r 


cooling media, with general or pitting 
corrosion, a number of practical e.- 
amples marine and other being quote |. 


—BNF. 125'7 


7.5 Containers 





15:2; D:dchy Oca d 

Observations on the Internal Corro 
sion of Tin-Plate Cans by Acid Food 
stuffs. H. CHerret, J. MONvoIsIN AN 
MALWINA SwirskI. J. Sci. Food and Ag 
riculture, 6, 652-655 (1955) November. 

It is shown that the anodic behavior o 
tin vs iron in the corrosion of tin plat 
by canned foods is what would be expected 
on theoretical grounds. With reference to 
the fact that the hydrogen evolved during 
the corrosion of tin plate is less than th 
amount corresponding to the metals dis 
solved, an electrochemical mechanism is 
suggested which may account in part for 
this deficit. Attention is also drawn to pre 
viously unsuspected accelerators of corro- 
sion, e.g. caramelization products in fruits 
Tables. 12 references.—BTR. 11377 





7.6 Unit Process Equipment 





7.6.4 
An Investigation into the Air-Heater 
Corrosion of Oil-Fired Boilers. B. Lees 
J. Inst. Fuel, 29, 171-175 (1956) April; 
Combustion, 28, 38-42 (1956) July. 
Methods which have been success- 
fully applied to reduce the fouling and 


wastage are described. Future experi- 
ments to ascertain optimum operating 
conditions, and the most suitable air- 
heater design are also considered. Dia- 
grams, graphs, table. 3 references.— 
BTR. 12490 
7.6.5, 4.3.6, 4.6.10 


Corrosion Experience with a Modern 


Salt Evaporator. R. B. RicHarps. Papet 
before Am. Inst. Chem, Engrs., 48th 
Ann. Mtg., Detroit. Chem. Eng. Prog- 


ress, 52, No. 6, 58, 62 (1956) June. 
When test pieces of Types 304, 316 
and 347 showed minor pitting and 
roughening after three months in salt 
evaporator while Monel test piece ap- 
peared untouched and was covered with 
thin carbonate scale, corroded pans 
were replaced with pans constructed of 
solid Monel. In heater, tube sieets are 
of Monel and tubes are 90-10 copper- 
nickel. Steel pipes are used for brine 
in general while plastic sections are in- 
serted in lines to new pans. Tube fail- 
ures occurred when small holes cor- 
roded through tubes just above bottom 
tube sheet. This type of corrosion was 
caused by insufficient rolling of the 
tubes. Evaporator history and construc- 
tion of present day equipment are de- 


scribed.—INCO. 12577 
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i Management says Y HS 


pre These are the men who are concerned with corrosion at Washington Steel Products, Inc., of Tacoma, Washington. Left to right: R.H. 
; (Dick) Christopherson, Foreman of Maintenance. Sidney M. Collier, Vice-President, Gaco Western, Inc. K. W. (Ken) Smith, Works 
Manager. T. 0. (Tom) Presleigh, Foreman, Plating Dept. 


aint ee GACO Neoprene Protective Coatings 
watt solve another tough one... 


‘ater 
EES 
pril; — Beating Corrosion is a man-sized job. Take Washington Steel Products, Inc., manufacturers and 

platers of the most complete line of cabinet hardware and cabinet accessories in America. Coatings 
a on the chromic acid wash tanks at the end of the electroplating line, adjoining ventilating system, 
aoe framework and concrete floor were lasting only three months. . . and coating four times a year is costly. 
ting Enter GACO Neoprene Protective Coatings. Result ? Let management speak for itself — 
air- 
Dia- | SID COLLIER: Ken, what's been your experience with GACO Protective Coatings? 
400 GACO Representative F 

KEN SMITH: Results count here in a big way, and Dick and Tom here are the people who have the responsi- 
ait Works Manager ality to either approve or disapprove your GACO Protective Coatings. Tom, what does 
pet Plating have to say about GACO Protective Coatings? 
8th . = ; 
r0g- TOM PRESLEIGH: Corrosion is my big headache. So far GACO N-700 and N-200 have been the most' 
Foreman, Plating Dept. sqtisfactory coatings I have ever used for resisting corrosion. 

316 
pe KEN SMITH: Dick, how about Maintenance? What’s been your experience with GACO Protective Coatings? 
Salt 
ap- § DICK CHRISTOPHERSON: We’ve got a good product there. It’s easy to apply and stands up better than 
vith : Foreman of Maintenance anything we've used before. 


ans 
| of 
are 


Let the big a do for you what it did for the men in Tacoma. There’s an entire family of GACO 
er- Ff heavy-duty corrosion-protection products and services available and a GACO Corrosion Specialist in 


“ine 
in- 
ail- 


your area prepared to serve your needs. For complete information write—we’ll forward literature 
of interest. 


‘or 

om 

a PIONEER LEADER IN PROTECTIVE COATINGS 

th 

uc. | GATES ENGINEERING COMPANY - WILMINGTON 99, DELAWARE 
Lo AUTHORIZED DISTRIBUTORS IN PRINCIPAL CITIES U.S.A. + AUSTRALIA « BELGIUM + ENGLAND + FINLAND + FRANCE « ISRAEL + JAPAN 


NORWAY + OKINAWA + PHILIPPINE ISLANDS + PUERT9 RICO » SWEDEN + IN CANADA: GACO PRODUCTS LTD., BRANTFORD, ONTARIO 
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7.6.6 


First Report—Regional Digester Ac- 
tivity. C. W. SmirH. Paper before Am. 
Pulp and Paper Inst., 10th Eng. Conf., 
Houston, November 7-9, 1955. Tapp, 
39, No. 5, 340-342 (1956) May. 


Results of corrosion digester data 
from 13 mills showed that the average 
current corrosion rate of digesters has 
increased. Average rate on 84 carbon 
steel digesters ranged from 0 to 0.134 
ipy and for Inconel-clad digesters the 
rates ranged from 0 to 0.051 ipy. 
Conclusion was that more time and 
care must be spent in trying to deter- 
mine the cause of corrosion in the criti- 


TECHNICAL 
REPORTS 


PROTECTIVE COATINGS 


Other Than Pipe Line Coatings 


T-6A 


Application Techniques, Physical 
Characteristics and Corrosion Re- 
sistance of Polyvinyl! Chlor-Acetates. A Re- 
port of Unit Committee T-6A on Organic 
Coatings and Linings for Resistance to Chem- 
a Corrosion. 


Publication 54-4. Per Copy 


T-6A Report on Rigid Polyvinyl Chloride. 
A Report of NACE Technical Unit 
Committee T-6A on Organic Coatings and 
Linings for Resistance to Chemical Corrosion. 
Publication 56-4. Per Copy $.50. 

T-6A Report on Epoxy Resins. A Report 
of NACE Technical Unit Committee 
T-6A on Organic Coatings and Linings for 
Resistance to Chemical Corrosion. Publication 
56-5. Per Copy $.50. 

T-6A Report on Application Techniques, 
Physical Properties and Chemical 
Resistance of Chlorinated Rubber Coatings. 
NACE Technical Unit Committee T-6A on 
Organic Coatings and Linings for Resistance 
— Corrosion. (Pub. 56-6.) Per Copy, 


T-6A Vinyl Chloride Resins. A Report of 
Unit Committee T-6A Prepared by 
Task Group T-6A-3 on Vinylidene Chloride 
Polymers. Per copy $.50. Publication No. 
57-10. 
T-6B Protective Coatings for Atmospheric 
Use: Their Surface Preparation and 
Application Physical Characteristics and Re- 
sistance. A Report of Unit Committee T-6B 
on Protective Coatings for Resistance to 
Atmospheric Corrosion. Publication No. 57-9. 
Per Copy $.50 

TP-6G_ First Interim Report on Recom- 
: mended Practices for Surface Prep- 
aration of Steel. (Pub. 50-5). Per Copy, $.50. 
TP-6G Second Interim Report on Surface 
Preparation of Steels for Organic 
and Other Coatings. (Pub. 53-1.) Per Copy, 
$1; five or more copies to one address, per 
copy $.50. 

T-6K Acid Proof-Vessel Construction 
with Membrane and Brick Linings. 
A Report of NACE Technical Unit Committee 
T-6K on Corrosion Resistant Construction 
with Masonry and Allied Materials. Publica- 
tion No. 57-6. Per copy $.50. 


Remittances must accompany all orders for lit 
eratiire the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given below for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. Houston 2, Texas 
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cal area for better evaluation of cor- 
rosion data. Reference is made to cor- 
rosion control in mills. ates) 2° 

12514 





7.7 Electrical—Telephone 
and Radio 





a4 

Corrosion as It Affects Insulator and 
Conductor Hardware. A. W. BARDEEN 
AND J. M. SHEADEL. Trans. Am. Inst. 
Elec. Engrs. (Power Apparatus and Sys- 
tems), 75, No. 24, 491-498; disc., 498-501 
(1956) June. 


The different types of corrosion ob- 
served on insulators and hardware of 
power lines are described and _ classi- 
fied; remedial measures are suggested. 


Tables, graphs, photographs. 8 refer- 
ences.—BTR. 12388 
7.7, 8.4.3 


Don’t Short Circuit Your Offshore 
Operation. O. E. Lunpetius, Jr. World 


TECHNICAL 
REPORTS 


CORROSION in 
UTILITIES 


T-4B Cell Corrosion on Lead Cable 
Sheaths. Third Interim Report of 
Technical Unit Committee T-4B on Corrosion 
of Cable Sheaths. Compiled by Task Group 
T-4B-1 on Corrosion of Lead and Other 
Metallic Sheaths. Publication No. 56-9. Per 
Copy $.50. 


T-4B-2 Cathodic Protection of Cable 

Sheaths. Fourth Interim Report of 
Technical Unit Committee T-4B on Corrosion 
of Cable Sheaths. Compiled by Task Group 
T-4B-2 on Cathodic Protection. Per Copy 
$1.00. 


T-4B-3 Tests and Surveys for Lead Sheathed 

Cables in the Utilities Industry. Sec- 
ond Interim Report of Technical Unit Com- 
mittee T-4B on Corrosion of Cable Sheaths. 
Publication 54-6. Per Copy $.50. 


T-4B-4 Pipe-Type Cable Corrosion Protec- 
tion Practices in the Utilities In- 
dustry. First Interim Report of Technical 
Unit Committee T-4B on Corrosion of Cable 
Sheaths. Publication 54-3. Per Copy $.50. 


T-4B-6 Stray Current Electrolysis. 

Interim Report of Technical Unit 
Committee T-4B on Corrosion of Cable 
Sheaths, prepared by Task Group T-4B-6 on 
Stray Current Electrolysis. Publication No. 


57-1. Per Copy $1.00. 
T-4F-1 Progress Report of Task Group 

T-4F-1 on Water Meter Corrosion. 
Per Copy $.50. 


TP-12 


Fifth 


Report on Electrical Grounding Prac- 
tices. Per Copy $.50. 

TP-19 Corrosive Effects of Deicing Salts— 
A Progress Report by Technical 
Practices Committee 19. Corrosion, January, 
1954, issue. NACE members $.50; Non-mem- 
bers $1 per copy. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Blidg., Houston, Texas. Add 65c per package to 
the prices given below for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico 


NATIONAL 


ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. 


Houston 2, Texas 
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Oil, 142, No. 7, 226, 230, 232, 234, 236, 
238 (1956) June. 

Development of offshore oil and gas 
resources gave rise to new engineering 
practices in electrical installation cor- 
rosion prevention. Every structure faces 
certain common problems relative to 
the electrical system, the more impor- 
tant being severe salt atmosphere cor- 
rosion and potential hazardous concen- 
trations of flammable gas and vapor. 
Electrical system on offshore prodic- 
tion platforms is described. Laboratory 
tests of cast fittings and enclosures 
made of highly refined copper-free 
aluminum alloy indicate a high resist- 
ance to sea water corrosion. Alloy for 
equipment must be free of copper and 
small parts should be of aluminum or 
stainless steel. Illustrations—INCO. 
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8. INDUSTRIES 
8.1 Group 1 
8.1.4 


Corrosion and Materials in the Water 
Works Field. R. W. Henke. Water and 
Sewage Works, 102, 508-510 (1955) Dec. 

Discussion of several factors involved 
in metallic corrosion, as a guide to com- 
batting the condition. Diagrams, table.— 


11488 








8.4.3, 3.2.2 

Effect of Sulfides Scales on Catalytic 
Reforming and Cracking Units. Part 1. 
Metallographic Examination of Sam- 
ples from a Catalytic Reforming Unit. 
Part 2. Intergranular Corrosion of 18-8 
Chromium-Nickel Steel as a Result of 
Hydrolysis of Iron Sulfide Scale. E. L 
HILpeBrRAND. (A _ Contribution to the 
Work of NACE T-5B-2 on Sulfide 
Corrosion at High Pressures and Tem 
peratures in the Petroleum Industry 
M. E. Holmberg, chairman.) Corrosion 
12, No. 10, 73-76 (1956) October. 

Part 1. Carbon steel downstream 
from first reactor of catalytic reform- 
ing unit showed unusual intergranular 


sulfide penetration. 1% chromium— 
1%4% molybdenum plate steel from first 
effluent exchanger handling reactor 


effluent showed heavy corrosion dam- 
age. A theory of attack by hydrogen 
sulfide-hydrogen is postulated: Hydro- 
gen gas penetrates, attacks iron carbide 
in pearlitic phase, resulting in decar- 
burization. Methane gas formed from 
decarburization creates small intergran- 
ular rifts. Hydrogen sulfide gas enters 
voids and sulfidation of ferrite grains 
begins. Corrosion products force grains 
out of surface layer. Greater area thus 
created adds to corrosion rate. High 
temperature hydrogen sulfide-hydrogen 
corrosion is an intergranular progres- 
sion. 

Part 2, A fluid catalytic cracking unit 
which went into operation in 1942 suf- 
fered failure of 18-8 chrornium-nickel 
steel lines from intergranular corrosion. 
Camp and Phillips showed this was due 
to action of moist sulfide scale during 
downtime. A spent catalyst hopper and 
stripper lined with reinforced castable 
refractory after some 50 cracks were 
found in a scheduled downtime, was 
found to be cracked around virtually 
every welding stud and scab _ patch. 
This Type 347 columbium-stabilized 
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stainless steel had both intergranular 
and transcrystalline cracks. A_ proce- 
dure is recommended to prevent sulfide 
scale hydrolysis corrosion from attack- 
ing 18-8 furnace tubes. This involves 
filling tubes with oil or oxygen-free 
steam or filling tubes with a weak al- 
kaline solution during downtime. 


12339 

8.4.3, 4.4.6 
Corrosion Problems in Oil Refining. 
R. M. Ross. Paper before Australian 


Inst. Metals, Sydney Branch, August, 
1955. Australasian Engr., 1956, 48-53, 
April 7. 

Deals with corrosion, resulting from 
petroleum products only and outlines 
basic mechanisms of corrosion from 
this source. Metal-gas, metal-liquid and 
2-phase reactions are considered, Metal- 
lurgical factors influencing corrosion 
rates, corrosive media in petroleum, 
process technology, evaluation of cor- 
rosion rates, determination of corrosion 
pattern and design and economy are 


discussed. Linings of metal, concrete 
and plastic, organic inhibitors and 


elimination of corrodents are considered 
under corrosion mitigation—INCO. 
12571 


8.4.3, 5.2.2 

Casing Corrosion in the Hugoton Gas 
Field. W. C. Kocer. Corrosion, 12, No. 
10, 507t-512t (1956) October. 

A casing leak survey in the Hugoton 
Gas Field was made to obtain informa- 
tion with which the casing corrosion 
problem could be evaluated and _ the 
most severely affected areas located. It 
was determined that leak frequency was 
relatively low but that leaks usually 
resulted in decreased deliverability or 
loss of the well. Because the pool is 
expected to be productive for another 
thirty years, the seriousness of the 
problem was not reflected entirely by 
current leak frequency. 

Work to date indicates current ap- 
plication based on indications derived 
from surface potential measurements is 
sufficient to protect the wells and that 
the required current is obtainable from 
galvanic anodes. This latter fact is im- 
portant because each well is located in 
the center of a section. 

Interference from rectifier installa- 
tions has been found in the field, pre- 


senting a new problem in efforts to 
protect casing cathodically from cor- 
rosion 12351 


8.4.5, 1.6, 4.7 

Nuclear Metailurgy: A Symposium 
on Behavior of Materials in Reactor 
Environment Held on 20 February 
1956. I.M.D. Special Report Series No. 


2, 1956, 94 pp. Available from: Am. 


Inst. Mining Metallurgical Engineers, 
29 West 39th Street, New York 18, 
New York 

Contents: R. C. Dalzell, General 


Problems in the Application of Mate- 
rials in Reactor Environments: D. H. 
Gurinsky, The Behavior of Materials 
in Aggressive Liquid Metals; R. F. 
Koenig and FE, G. Brush, Behavior of 
Materials in Non-Aggressive Liquid 
Metals; J. E. Draley and S. Greenberg, 
The Application of Materials in Low- 
Temperature-Water and Organic-Liq- 
uid-Cooled Reactors; D. M. Wrough- 
ton and D. J. DePaul, Structural 
Materials for Use in the Pressurized 


Water Power Reactor; G. P. Smith, 
Corrosion of Materials in Fused Hy- 
droxides—MA 12399 
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8.4.5, 6.2.3 

Operation of NRL-1 Carbon Steel 
Loop at the Materials Test Reactor. 
V. J. Lrnnenzom and others. Naval Re- 
search Laboratory, August, 1956, 30 pp. 
Available from: Office of Technical 
Services, U. S. Dept. of Commerce, 
Washington 25, D. C. (Order 
PB121319). 

A low carbon steel loop was tested 
in an in-pile run as a possible substi- 
tute for loops of stainless steel used as 
primary coolants in pressurized water 
reactor systems. From the standpoint 
of deposition of corrosion preducts on 
exposed element surfaces, water purifi- 
cation data and the accessibility as de- 
termined by the various radioactive 
species within the system, carbon steel 
exhibited no serious disadvantages com- 
pared to stainless steel. There was no 
increase in corrosion due to radiation. 
Stress corrosion and effects of hydro- 
gen embrittlement remain to be investi- 
gated. 12495 








8.7.2, 7.7 

Choosing Materials for Instrument 
Manufacture—Importance of Correct 
Choice for Sensitive Mechanisms. P. 
Mass. Corrosion Technolgy, 3, No. 7, 
217-220, 232 (1956) July. 


Light electrical apparatus may _be- 
come corroded to. slight degree not 
readily visible. No matter how effec- 


tively an instrument or equipment may 
be sealed hermetically, absence of cor- 
rosion depends on purity of materials 
used, processes to which parts were 
subjected, standard of finish and nature 
of protective coatings. Textiles as cor- 
rosion sources, insulating papers, mold- 
ings, bimetallic junctions, electroplating, 
welding, soldering and brazing and ad- 








hesive tapes are considered.—INCO. 
12508 
8.8 Group 8 
82.1, 2:2:2,5:1 
Corrosion Problems on the Texas 
Gulf Coast. Parts I, II. A. D. Rust. 
Dow Chemical Co. Corrosion Tech- 
nology, 3, Nos. 5, 6, 134-137, 185-190 


(1956) May, June. 


Discusses corrosion as encountered 


at 2 plants of the Dow Chemical Co., 
Freeport, Texas. Plants produce or- 
ganic products, plastics, magnesium, 


bromine, chlorine and caustic soda and 
are located on coastal plain of Gulf of 
Mexico where climatic, physiographical 
and industrial conditions make corro- 
sion control imperative. Painting of 
various structures, preparation for 
painting and economies resulting from 
painting are considered. Test program 
of paint and metal samples exposed to 
seaside atmosphere corrosion is dis- 
cussed (photo shows test panel racks). 
Roofing is of corrugated asbestos sheets 
which eliminates problem of metal roof 
corrosion, Dowicide is used to treat 
wooden structures and piling, Several 
miles of sheet steel piling exposed to 
atmosphere are protected with Bitu- 
mastic coatings while piling areas ex- 
posed to soil and sea water are ca- 
thodically protected with magnesium 
anodes. Corrosion does take place at 
tide-water line. Piping, pumps and screens 
for sea water are described. Pipes are 
lined with coal tar or Saran. Cathodic 





protection of piling, pumps, heat ex- 
changers, pipelines (outside), sea water 
pipes, condensers of power plant, tanks, 
tugs, barges and ocean-going vessels js 
reviewed. Condenser tubes are aluni- 
num-brass.—I NCO. 12557 


8.8.1, 4.3.2 

Corrosion in Sulfuric Acid Solution 
Containing Nitrogen Trioxide. H. En. 
AND G, Yokoyama. J. Japan Inst. Meta's, 
20, No. 1, 42-46 (1956) Jan. 

The corrosion of iron employed for 
the construction of tower system s11- 
furic acid manufacturing plants was i1- 
vestigated. Of the many corrosion prc 
esses coming forth in the process, t!e 
results’ tested under ‘the conditions _f 
65-85% sulfuric acid, 0-300 g/l nitrogin 
trroxide and 40-120 degrees were d-- 
scribed in this paper.—JSPS. 124) 3 


8.8.1, 4.3.2, 4.3.3 

Corrosion and Construction Prob- 
lems of Sulphuric Acid Plant. G. ( 
LowrItson AND F. HEpPENSTALL. Corrs 
ston Technology, 3, No. 6, 174-180 (1956 
June? 

Materials of construction considere: 
from points of view of handling an 
storage of raw materials; preparatio: 
and burning; transport and cleaning oi 
sulfur dioxide; conversion to sulfur tri 
oxide; absorption; sulfuric acid cooling 
storage and transport; concentration of 
acid.—BNF. 12500 


8.8.1, 4.3.4 

Managing Liquid Fertilizer Plant. / 
Agr. & Food Chem., 4, No. 6, 502-507 
(1956) June. 

Discussion of liquid fertilizer plant 
construction, Neither aluminum rigs 
uséd for nitrogen solutions nor equip- 
ment used for weed killers are satisfac- 
tory. Stainless steel is widely used to 
guard against corrosion, Rig consists of 
a mild steel tank with stainless steel 
booms. Valves, meters, mixing tank and 
agitator are stainless steel. Aqua is re- 
acted continuously with phosphoric acid 








in a small stainless steel vessel. IlI- 
lustrations.—INCO. 12507 
8.9 Group 9 

8.9.3 


Statement on Minimum Require- 
ments for Protection of Buried Pipe 
Lines. Prepared by a Special Task 
Group of NACE Technical Group Com- 
mittee T-2 on Pipe Line Corrosion. W. 
H. Stewart, Chairman. Corrosion, 12, 
No. 10, 479t (1956) October. 

A statement on Minimum Require- 
ments for Protection of Buried Pipe 
Lines was prepared by a special task 
group of NACE Technical Group Com- 
mittee T-2 on Pipe Line Corrosion. The 
statement reads as follows: 1) All un- 
derground steel piping should be coated 
with a protective material of permanent 
high electrical resistivity. Such coatings, 
if not so compounded as to resist soil 
stresses, shall be shielded in such man- 
ner as to receive negligible damage 
from such stresses. 2) The coated pip- 
ing shall be further protected from ex- 
ternal corrosion by supplementing the 
protective coating mentioned in 1) with 
adequate cathodic prttection. 12361 


8.9.3, 5.2.3, 5.4.10 

Submarine Lines Need Corrosion 
Protection. R. C. Leprorp, Marine Gath- 
ering Co. Petroleum Engr., 28, No. 6, 
D41-D43, D46 (1956) June. 


lo provide insulation of the metal 
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CORROSION ABSTRACTS 


of a gas and distillate production line 
from sea-water corrosion, a double coat- 
ing of coal tar enamel, using glass fab- 
ric underneath with a second wrap of 
glass felt, was placed on the pipe. Line 
was buried 3 ft. under the Gulf floor by 
jet trenching to protect coating from 
organic attack. To provide for ultimate 
protection in case of deterioration of 
the coating over a long period of ex- 
posure and possibility of damage sus- 
tained by the coating, cathodic protec- 
tion was installed on the line. Recti- 
fiers were installed at platforms to im- 
press sufficient current at that point to 
carry protective potentials all the way 
to the —INCO. 12493 


8.9.3, 5.4.5 

Pipe Line Coating Practices. ALEx 
McC ure. Pipe Line News, 28, 41-42, 44- 
47 (1956) June. 

Some factors associated with the se- 
lection and application of pipeline coat- 
ings; cost summary.—BTR. 12486 


8.9.5, 6.4.2 

Corrosion Problems Arising from the 
Use of Aluminum Alloys in H. M. 
Ships. Pt. I. J. C. Krnccome. Corrosion 
Prevention & Control, 3, No. 6, 31-34 
(1956) June. 

Aluminum alloys are being used in 
positions such as portions of bridge 
structures, bulkheads, decks, framing 
and internal structures, machinery space 
ladders and gratings. Natural resistance 
to corrosion of aluminum is reviewed. 
Alloys commonly used are NP5/6 con- 
taining 3.5-5.5 magnesium (for ships’ 
plating), NE6 containing 4.5-5.5 mag- 
nesium or HE10 with 0.6-1.3. silicon 
(for sections), NR5 or NR6 containing 
3-5.5 magnesium (for rivets), and LM6 
with 10-13 silicon (for castings). Gal- 
vanic attack at aluminum to steel joints, 
at aluminum to copper joints and by 
paint containing compounds of lead, 
copper or mercury is discussed. Zinc 
chromate primer prevents corrosion by 
paint. With adaptation of cathodic pro- 
tection to aluminum alloys, it should 
be possible to use copper-containing 
aluminum alloys and benefit from their 
superior mechanical properties ——INCO. 

12485 
8.9.3, 7.10 

Longest Offshore Pipe Line Goes 
Into Operation. R. H. ItLtincworrnH, W. 
L. Montcomery, C. ALpRIDGE AND C, V. 
Tempcte. Heating, Piping, Air Condition- 
ing, 28, No. 7, 89-93 (1956) July. 

Description of design and installation 
of off-shore pipe line facilities which 
move 12,000 bbl of oil and 10.5 million 
cu. ft. of gas daily from below Gulf of 
Mexico to a _ separation-distr bution 
terminal 48 miles away. Insulated and 
coated with reinforced concrete, the 12 
in. welded steel pipe line is buried be- 
low the silt line. Prefab pipe sections 
of wrought iron protect three-pile dol- 
phins against corrosion of salt water 
and air in the highly corrosive zone a 
few feet above and below sea level. Liv- 
ing quarters platform is supported by 
steel caissons protected against cor- 
rosion by an 8 ft. high sheath of Monel 


in tide zone—INCO. 12477 


8.9.4, 5.4.3 
Control of Contamination and Cor- 
rosion in Rail Tank Cars. S. JoHN 
OECHSLE, JR. AND KENNETH G. LE FEvRre. 
Flow, 11, 94-+-7 pages (1956) August. 
Types of protective linings and coat- 
ings, preparation of tank car for lining 
application, application process.—MR, 
12554 
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Corrosion in Oil and 
Gas Well Equipment 


TP-1 Report on Field Testing of 32 Al- 

loys in the Flow Streams of Seven 
Condensate Wells (Pub. 50-3) NACE mem- 
bers, $8; Non-members, $10 per Copy. 


T-1A Survey of Corrosion Control in Cali- 

fornia Pumping Wells. A Report of 
T-1A on Corrosion in Oil and Gas Well Equip- 
$30" Los Angeles Area. Pub. 54-7. Per Copy, 


T-1C Current Status of Corrosion Mitiga- 

tion Knowledge on Sweet Oil Wells. 
A Report of Technical Unit Committee T-1C 
on Sweet Oil Well Corrosion. Per Copy, $.50. 


T-1C Field Practices for Controling Wa- 

ter Dependent Sweet Oil Well Corro- 
sion. A Report of Technical Unit Committee 
T-1C on Sweet Oil Well Corrosion, Compiled 
by Task Group T-IC-1 on Field Practices. 
Pub. No. 56-3, Per Copy $1.00. 


TP-1D Sour Oil Well Corrosion. Corrosion 
August, 1952, issue. NACE members, 
$.50; Non-members $1 Per Copy. 


TP-1G_ Field Experience With Cracking of 

High Strength Steel in Sour Gas and 
Oil Wells. (included in Symposium on Sulfide 
Stress Corrosion.) (Pub. 52-3) $1 Per Copy, 5 
or more copies to one address, $.50 Per Copy. 


T-1G Sulfide Corrosion Cracking of Oil 

Production Equipment. A Report of 
Technical Unit Committee T-1G on Sulfide 
Stress Corrosion Cracking. Pub. 54-5. $.50 
Per Copy. 


T-1J Status Report of NACE Technical 
Unit Committee T-1J on Oil Field 
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T-1J Reports to Technical Unit Commit- 

tee T-1J on Oilfield Structural Plas- 
tics. Part 1, Long-Term Creep of Pipe Ex- 
truded from Tenite Butyrate Plastics. Part 
2, Structural Behavior of Unplasticized Geon 
Polyvinyl Chloride. Publication 55-7. Per 
Copy $.50. 


T-1J Summary of Data on Use of Struc- 

tural Plastic Products in Oil Pro- 
duction. A Status Report of NACE Technical 
Unit Committee T-1J on Oilfield Structural 
Plastics. Per Copy $.50. 


T-1J Service Reports Given on Oil Field 

Plastic Pipe. Activities Report of 
T-1J on Oilfield Structural Plastics. Per 
Copy $.50. 


T-1J Oilfield Structural Plastics Test Data 
are given. Activities Report of T-1J 
on Oilfield Structural Plastics. Per Copy $.50. 


T-1J Reports to Technical Unit Commit- 

tee T-1J on Oil Field Structural 
Plastics. Part 1—The Long Term Strengths 
of Reinforced Plastics Determined by Creep 
Strengths. Part 2—Microscopic Examination 
as a Test Method for Reinforced Plastic Pipe. 
Per Copy $.50. 


T-1J Status Report of NACE Technical 
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Tanks. Part 3—High Pressure Field Tests of 
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Procedure for Screening Corrosion 
Inhibitors for Oil and Gas Wells. A Report 
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Publication 55-2. Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
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Bidg., Houston, Texas. Add 65¢ per package to 
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all addresses outside the United States, Canada 
and Mexico. 
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STEELCOTE Gorrosion News 


1957 Reporting the Latest Developments in Corrosion Control 1957 


_ — — Steelcote Eno-Lux Zinc Rich Zinc 


Many New Products Dust Primer Licks Industry’s 
In addition to EPO-LUX 100 and ZINC Tough Corrosion Problems 


RICH ZINC DUST PRIMER, Steelcote re- 
search has produced epoxy products that . ‘ . 
create new standards of performance in the Ma kes Possible Cathodic Protection, Plus 


fields of floor, grout, and wall repair and J . . 
resurfacing, tank linings, boat bottom con- Stro ngest, Lon gest lasti ng Resistance to 


struction and repairs of cracks in metal. Acids, Alkalis, Salts and Solvents 


Steelcote EPO-LUX ZINC RICH ZINC DUST PRIMER deposits over 90% pure zinc metal 
to the surface. This amount gives the maximum cathodic action possible from cold 
‘‘on site’ application. Epoxy adhesion and 
flexibility assures satisfactory performance 
of an overcoat of EPO-LUX 100. This most 
resistant of all type air dry organic coat- 
| ings to alkalis, acids, solvents and salts 
assures the zinc will continue to give 
cathodic protection for the maximum 
number of years. In the most extreme 
conditions Steelcote epoxies are some- 
ogee ys it F m times needed in combination with other 
President of Steelcote E48 a pigments as an in-between coat for 
. * : apiece Mame §=greastest possible density and impervious- 
Invites Corrosion Engineers — Set ness. We invite you to undertake an 
immediate test application. 


VIEW OF BUILDINGS HOUSING 
STEELCOTE RESEARCH LABORATORY 


to Avail Themselves = oe 
of Steelcote 


° ° ° TYPICAL CHARACTERISTICS OF EPO-LUX 100 
Engineering Service 


75% hardness of glass with high gloss 
Steelcote manufactures FLEXIBILITY Excellent dimensional stability 
ase Sa * ce Meee es deca SOLVENTS, Superior to all other air dry organic finishes 
on the use of these we Excellent on metal, wood, concrete, paper, certain 
products or to solve rubbers and plastics 
special problems, we , 7 uF, 2 to 3 mils per coat when brushed, sprayed or rolled 
offer you the services 
of our Engineering De- STEELCOTE EPO-LUX ZINC RICH ZINC DUST PRIMER 
partment. Just drop a CORROSION—RUST RESISTANCE Superior to all other prime 
line describing your problem to Steelcote [CORROSION —RUST RESISTANCE | Superior to ase 
Manufacturing Co., 3418 Gratiot, St. Louis | ELECTRO- CHEMICAL ACTION Protects by cathodic blanketing 
3, Mo., U.S.A. In Canada: Steelcote Mfg. | rium composition 90% + Pure Zinc metal 
Co., Ltd., Rodney, Ontario. Jobbers in : ; 
principal Cities Write Dept. 6 | ADHESION = Superior to all others because of exclusive epoxy impregnation 


100c 
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OUT 
ORROSION 


Alkaterge-T is fulfilling its early promise of being an 
exceptional oil-soluble corrosion inhibitor. It passed 
two commonly used screening tests with the most 
gratifying results and industrial users are finding con- 
firmation in practice. 


At least part of its success is probably due to its very 
powerful adhesion to metallic and other hydrophilic 
surfaces. The force required to break this adhesion 
has been measured at 10,500 psi — highest of any 
compound tested. Alkaterge-T is a big molecule and 


with this adhesion, powerful protection would be 
expected by most corrosion engineers. But Alkaterge-T 
has a plus value, too. Mildly alkaline, it will tie up any 


the water-in-oil sludges that present severe problems in 
automobile crankcases, fuel oil tanks and crude oil 
production. 


trace of acidity that may develop, yet it is harmless 
to brass. This product, therefore, should be evaluated 
by every manufacturer of rust preventive oils, lubri- 
cants, cutting oils, extruding oils, transformer oils, 
corrosion resistant greases, and spinning and throwing 
oils for the textile industry. 


For further information and samples, write Commer- 
cial Solvents Corporation today. 


ALKERTERGE-T TYPICAL PHYSICAL PROPERTIES 


Color, Gardner (1933) 7 
Solidification Point, °C 59 
Interfacial Tension against water, 

0.167 solution in mineral oil 
Surface Tension, 

saturated aqueous solution 30.4 dynes/cm 
Flash-Point None 
Solubility in water at 25 °C 0.01 ml1/100 ml 


Alkaterge-T is a powerful emulsifying agent for water- 
in-oil emulsions and is unaffected by hard water. As 
little as 1% will emulsify 80% water into aliphatic 
hydrocarbons and form a fluid, stable emulsion. In 
lubricating formulations, Alkaterge-T tends to prevent 
sludge formation resulting from moisture pickup and 
should be of interest in crank case flushing oils and 
fuel oils. It should also be evaluated as a liquefier for 


1.8 dynes/cm 


DISCOVER TH TRDPARAFFINS! 


INDUSTRIAL CHEMICALS DEPARTMENT 


COMMERCIAL SOLVENTS CORPORATION 


260 MADISON AVE., NEW YORK 16, N. Y. 


Boston « Chicago « Cincinnati * Cleveland *» Detroit * Houston * Indianapolis * Kansas City * Los Angeles 
Louisville «* Memphis « Milwaukee + New Orleans «+ New York « Pittsburgh «+ St. Louis * San Francisco 
IN CANADA: Reliance Chemicals, Ltd., Montreal. IN MEXICO: Comsolmex, S. A., Mexico 11, D. F. 
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Houston, Texas 


New D 


in Service 


Harvey, La. 
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Odessa, Texas 


to the OIL and GAS INDUSTRY 


Couplings are removed and pipe 
is thoroughly cleaned in specially 
designed degreasing, pickling 
and neutralizing tanks. 


Internal sand-blasting lances 
complete the cleaning job down 
to white metal. 


Inside surfaces are coated, using 
multiple coats and bakes, and 
the plastic film is given its final 
corrosion-resistant properties by 
curing in automatic ovens at 
carefully controlled temperatures. 


More wells and more hole than ever before— 
that’s the prospect for the oil industry in 1957. 
And that’s why Plastic Applicators, Inc., is 
making a new home among old business asso- 
ciates in Odessa—located in the heart of the 
active West Texas and New Mexico oil pro- 
ducing area. 

More than a decade ago, the oil industry 
recognized the seriousness of corrosion dam- 
age to steel tubing and related equipment. 
Several methods of preventing or mitigating 
this damage were explored. Alloy steels with 
the necessary acid-resisting and alkali-resisting 
properties proved too costly. Addition of 
chemical inhibitors to the areas of corrosive 
action .presented problems of injection and 
control at odds with the latest well completion 
and production practices. The third method— 
baked-on plastic coating of the tubing itself 


TUBULAR GOODS INSPECTION SERVICES 
BAKED-ON PLASTIC COATINGS 


eee. 
& 
i 


—provided a solution, as evidenced by its 
widespread use today. 


To meet a steadily growing demand for its 
products since the company’s beginnings in 
1945, Plastic Applicators continues to follow 
a long established policy of bringing its serv- 
ices within the most convenient reach of its 
users. Third in a strategically located group 
of “Plasticap” plants, the Odessa facility has 
been modified to conform to practices of the 
Houston and Harvey, Louisiana units, where 
the “Plasticap” process has turned out millions 
of feet of production tubing to high standards 
of excellence. 


Plastic Applicators, Inc., looks forward to 
continued friendly relations with old-time busi- 
ness friends and with new neighbors in the 
Odessa area. 


G. J. Duesterberg Cordell Garner 
President Sales Manager 


Home Office and Plant: P. 0. Box 7631, Houston, Téxas. Phone: UN 9-2491. 


Branch Offices and Plants: P. 0. Box 388, Harvey, La. Phone: 
Fillmore 1-1636—P. 0. Box 2749, Odessa, Texas. 


Sales Offices—TEXAS: 
LOUISIANA: Lafayette, New Orleans, Harvey. 


Phone: Federal 7-8862. 


Houston, Corpus Christi, Dallas, Midland, Odessa 


Robert C. Booth 


General Manager 
Odessa Plant 


Vernon Halverson 


Superintendent 
Odessa Plant 


7109 
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in this steel reservoir 


A 460,000 gallon steel reservoir had been 
protected only by paint. Because of the 
need for frequent, expensive repainting, it 
was decided to defend against corrosion 
with cathodic protection. After investi- 
gating all available materials, Duriron 
impressed current anodes were selected. 

Ten Duriron Anodes were installed in 
July, 1955. Six anodes were 10’ long, 
placed on an 18’ radius, 10’ off the bottom 
of the tank. Four of the anodes, 12” long, 
were placed on a 6’ radius, 6’ off the tank 
bottom. The anodes have been in continu- 


ous service for 108,600 ampere hours with 
a uniform current density of 0.8 amps per 
square foot. This system has been in- 
spected regularly. The reservoir shows 
no sign of corrosion, and there is no sign 
of deterioration of the anodes. THERE IS 
NO FORESEEABLE LIMITATION TO 
THE LIFE OF THIS SYSTEM. The 
protection of the tank is complete, and 
considerably less expensive than the 
previous uneconomical method. 

For details about Duriron Impressed 
Current Anodes, call or write: 
THE DURIRON COMPANY, INC., 
DAYTON, OHIO; Telephone KE-2121. 


Diagrammatic drawing showing method of installation and placement of anodes. 


THE DURIRON COMPANY, INC. / DAYTON, OHIO 
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Another Tough Protection Job —Solved by TARSET 


ry\HIs oil company river barge terminal near Mt. 
l Vernon, Ind. is a busy place. So busy, in fact, that 
wooden pilings soon break down under the wear and 
tear of heavy barge traffic. : 
Providing more durable docking facilities was 
accomplished by replacing the wood piling with 
cylindric steel cells, constructed with steel piling 
plates driven ihto the river bed and strengthened 
with a fill of washed sand and gravel. 
But the problem then was to protect the cells from 
corrosion, and from contact with the heavy barges. 


Pitt Chem Tarset was selected for the job for two 
principal reasons: 

1. Tarset is a unique and patented combination of 
coal tar and epoxy resin. In three years of service 
history, it has proven extremely resistant to severest 
moisture conditions. 

2. Tarset’s adhesion to metal is so great that it is 
virtually impossible to remove except by sand-blast- 
ing. So Tarset was ideal for resisting abrasion from 
barge movement. 

What’s your most troublesome corrosive material? 
Chemicals? Petroleum? Industrial Wastes? Tarset 
has an amazing performance record against all of 
them. @ Ask for complete information about revolu- 
tionary Tarset today! A letter or call will receive our 
prompt attention. 
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